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CHAPTER  XIL 

OF  TUB  MAOKLLANIO  KlINU. 

Section  1.  John  Hyacinth  de  Mugellan,  in  London,  having  in  the  year 
178tt  oflfered  to  the  Society,  as  a  donation,  the  sum  of  two  hundred  guineas, 
to  be  by  them  vested  in  a  secure  and  permanent  f\ind,  to  the  end  that  the 
Inten^st  arising  therefrom  should  be  annually  disjx^sed  of  In  premiums,  to 
l>e  atljudged  by  them  to  the  author  of  the  best  discovery,  or  most  useAil  In- 
vention, relating  to  Navigation,  Astronomy,  or  Natural  Philosophy  (mere 
natural  history  only  excepted) ;  and  the  Society  having  accepted  of  tlie 
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Stated  3Ieetinffy  Mairh  19, 1880. 

Present,  8  membei^s. 

Visitor,  Afr  Hampton  L.  Carson  of  PhiUulolpliia. 

Letters  of  envoy  wei*o  reooived  from  the  Centml  Physical 
Observatory  at  St.  Petei^shurj?,  January,  1880:  from  the 
Royal  Observatory  at  GiH}enwioh,  February,  1880,  and  from 
the  M,etooit)loi2^ioal  Society  in  London,  February,  1880* 

Donations  for  the  Library  weix>  ix^ported  as  received  Srom 
the  Asiatic  Soc,  Yokohama;  Russian  Academy  ;  Botanische 
Central-blatt,  Leipsig;  Deutsche  Rundshau  fiir  Geog,  u. 
Stat.,  Munich;  Jielgian  Academy;  Geographical  Societies  at 
Paris  and  Boi*deaux ;  the  Revue  Politique;  Revista  Eus- 
kara,  Pamplona;  British  Association;  Siviety  of  Anti- 
quaries ;  Meteorological  Council  of  the  Royal  Society,  Lon- 
don; Xatuml  History  Society,  Atontreal ;  Museum  of  Comp. 
Zoiil.  Cambridge,  Mass.;  Fmnklin  Institute,  Medical  Xews, 
Dr.  Alfred  StilKs  l>r.  0.  P.  Kmuth,  and  M\\  Henry  Phillips 
Jr.  of  Philadelphia ;  Smithsonian  Institution ;  Bui*eau  of 

PROC.  AMBR.  rHILl>9.  SOC  XIX.  107.  A.      PIUNTSD  MAY  5,  1880. 


RUioation :  Engineer  Depftrtmont^  W;v4nngton ;  Ministerio 
tie  Fomenti\  Mexico;  and  Prot\  S*  S,  IlaUIeman. 

IX^nation  for  the  Cabinet. — Mr.  Hampton  L.  Carson  pre- 
sontetl,  on  the  inirt  of  his  sidters  and  himself*  in  fnltiHment 
of  his  father  8  wishes,  to  the  Ci^binet  of  the  S<viot\\  a  jH>rtn4it 
in  oils  of  M,  Fran^oid  Andn^  Michaux,  the  botanist,  who  diet! 
at  Paris,  (.Vtober  i3d,  1855,  «etat  85. 

Mr.  Fnilev  returneil  the  thanks  of  the  Six^iotv  for  so  inter* 
estin^  and  valuable  a  relic  of  our  distinsjuisheil  fcUow-mem- 
ber,  who  exhibited  in  his  lifetime  so  ^i^reat  an  attachment  for 
the  Soviet V,  and  in  his  will  such  confidence  in  the  honor  ot 
its  traditions  as  to  make  it  the  trustee  of  a  fund  which  he 
bequeathe*!  ft>r  Silviculture  in  America, 

Mr.  R  K.  Prii*e  also  descrilKnl  the  amicable  ivlationa 
which  existed  between  M.  Michaux  and  the  Sivictv,  claim- 
ing  the  privilege  of  doing  so  on  the  gnnind  that  the  Siviety 
had  ciMUenvil  on  him  the  duty  of  a^rrying  out  the  designs 
of  M.  Michaux  acconiing  to  the  plan  adopted  by  the  Com- 
mittee and  approved  by  the  SvH*iety,  and  sketduHi  the  princi- 
l>al  features  of  that  plan — the  planting  of  the  Michaux 
gn^ve — :uul  the  organization  of  Prof.  Rothnv'k  s  annual 
coui'sc  of  public  lectures  in  the  Park. 

It  was  then  on  motion 

if  ,i»i\v<f.  Thai  the  thanks  of  the  SiK'iety  he  |>rt>sontiHl  to  Mr»  ll^unptmi 
L.  CHrs<m  aiu\  hi^  sisters  for  their  gKX  of  ttie  |K)rtraU  of  M.  F>  A,  Mtohaux 
\\h»^o  liUM*:U  iKHiuost  to  tlieSiKiely  U  now  so  benetlcially  aN,i  laMo  tor  the 
prtmioiimi  of  Silviculture  and  Botany* 

B^S'-hcifit  That  the  SiKiety  apprechUos  the  gift  more  hi,:hly  Invause  it 
has  Uvn  made  in  ci>m|>liance  with  the  wiali  of  Uie  late  Dr.  *lt^<t  ph  l^ar«iui, 
one  of  its  devineil  and  use  fill  luemlwrs,  whose  memory  Is  ondr;u>  d  to  liis 
ai^viaios  by  many  nnvlKvlions  of  his  worth  and  virtues. 

/?«'.«••;«'«' 7,  That  a  ci>py  of  these  resolutions  l^e  tnuwmiutvl  to  Mr.  Carson. 

The  death  of  Dr*  William  The^xlore  Rooppcr,  at  Iuj^  ivsi- 
deuce  in  Bethlehem^  Piu^  on  WetlnCv^day^  Maivh  10th,  at  the 
avre  of  70,  was  announceil  bv  Mr.  Leslcv^ 

On  motion^  Dr.  F.  A.  Genth  was  appointeil  to  ptvj>tuv  an 
obituarv  uotic*e  of  the  deivased. 

The  death  of  Geuenil  Hector  T^Mulale,  at  his  ivsidciKH?  in 


1880.]  3 

Clinton  street,  Philadelphia,  on  Friday,  March  19th  (8  a.  m.), 
at  the  ago  of  58,  was  announced  by  Mr.  J.  S.  Price. 

A  communication  was  received  entitled  '*  Nodal  estimate 
of  the  velocity  of  Light,*'  by  P.  E.  Chase. 

Mr.  Phillips  read  a  paper  deRcribing  two  very  old  and 
curious  maps  of  North  and  South  America. 

Dr.  Greene  communicated  a  paper  "  Oti  the  action  of 
hydrochloric  acid  and  chlorine  on  aeotobenzoic  anhydride,'* 
by  Wm.  11.  Greene,  M.D. 

Pending  nominations  Nos.  893  to  901,  and  new  nomina- 
tions Nos.  902  to  908,  wei'e  read. 

The  publication  of  the  proceedings  at  the  late  celebration 
of  the  Centennial  Anniversary  of  the  Incorporation  of  the 
Society  was  then  discussed. 

The  Committee  on  the  Michaux  Legacy  reported  through 
its  chairman,  Mr.  E.  K.  Price : 

*•  That  the  approprhUlon  nmde  last  year  wt\8  applied  to  dofVay  the  ex- 
penses of  fourteen  lectures  In  the  Horticultural  Hall,  Falrmouut  Park,  by 
Dr.  Rothrock.  It  was  attended  by  more  tlian  previous  members,  varying 
fK>m  one  to  two  hundred  persons  Teachers  In  the  public  schools  numcr> 
ously  availed  themselves  of  this  valuable  opiK)rtunlty  of  studying  Botany. 

' '  Dr.  Rothrock  feels  it  important  to  spend  the  later  summer  and  autumn 
in  Germany,  in  the  pursuit  of  his  studios.  His  course  this  year  will  be 
seven  lectures,  for  which  an  appropriation  is  respectflilly  asked." 

On  motion  an  appropriation  of  one  hundred  and  seventy 
dollars  was  made,  from  the  income  of  the  Michaux  fund,  for 
defraying  the  expenses  of  the  seven  lectures  of  Prof.  Roth- 
rock, and  advertising  the  same.  On  motion  of  Mr.  Price  it 
was 

Refoh0(f,  That  one  hundred  dollars  (1100)  be  appropriated  out  of  the 
income  of  the  Michaux  ftind,  for  a  copy  of  tlie  Michaux  portrait-,  and  fVamc, 
to  bo  presented  to  tlie  Park  Commissioners,  to  bo  put  In  tlie  Horticultural 
Hall,  standing  in  the  Michaux  grove,  where  our  Michaux  lectures  are  de- 
livered by  Dr.  Rothrock  ;  and  the  Michaux  Committee  attend  to  the  sub- 
ject. 

An  appropriation  of  forty  dollars  ($40)  was»  on  motion, 
made  to  defray  the  exjiense  of  an  illustration  for  Mr.  Ash- 
burner's  paper  on  Oil  Sands  in  the  printed  Proceedings, 

Mr.  Fraley  then  stated  that  as  the  Society  had  left  it  with 


Chase.]  *  [March  19, 

him  to  appoint  delegates  to  Boston,  he  requested  the  Secre- 
taries to  send  information  to  each  of  the  Board  of  Officers 
and  to  Dr.  R.  E.  Roerers  and  to  Mr.  Wra.  A.  Ingham  that  he 
nominated  them  as  delegates  to  represent  this  Society  and 
assist  on  the  26th  of  May  at  the  Centennial  Celebration  of 
the  American  Academy  of  Arts  and  Sciences  in  Boston. 
The  meeting  was  then  adjourned. 


Astronomical  Approximations,  IV,  Nodal  Estimation  of  the  Velocity  of 
Light.  By  Pliny  Earle  Chase,  LL.D.,  Professor  of  Philosophy  in 
Haverford  College, 

{Read  before  the  American  Philosophical  Society ,  March  19,  1880.) 

The  accuracy  of  my  approximation  to  the  apparent  semi -diameter  of  the 
Sun*  is  confirmed  by  the  following  kinetic  considerations,  some  of  which, 
though  seemingly  of  great  fundamental  importance  and  character,  have 
been  generally  overlooked. 

1.  Matter  has  been  usually  regarded  as  composed  of  discrete  particles. 
This  hypothesis  enters  even  into  the  kinetic  theory  of  gases.  If  it  is 
true,  all  force  must  be  transmitted  from  particle  to  particle  and  time  must, 
therefore,  be  required  to  overcome  the  inertia  of  masses: 

2.  Attraction  and  repulsion  have  been  generally  considered  under  the 
influence  of  central  forces,  varying  inversely  as  the  squares  of  the  distances 
from  the  centres  and,  therefore,  producing  motions  with  variable  velocity. 

3.  Waves,  orbital  undulations,  and  other  cyclical  motions,  are  generally 
propagated  with  uniform  or  nearly  uniform  velocity,  although  they  are 
often  accompanied  by  subordinate  movements  with  varying  velocity. 
Variable  velocities  are  often  converted  into  uniform  or  nearly  uniform 
velocities,  as  in  the  case  of  conical  pendulums,  planetary  rotations  and 
orbital  revolutions. 

4.  In  all  undulations,  and  in  all  cyclical  motions  through  an  undulating 
medium,  there  are  tendencies  to  synchronism.  The  synchronism  may  be 
complete,  producing  equal  cyclical  motions  in  equal  cyclical  times ;  or 
nodal,  producing  harmonic  series  of  cyclical  motions  which  are  completed 
in  equal  times. 

5.  Newton  showed  that  if  a  centripetal  force  varies  as  the  distance  of  a 
body  from  the  centre,  all  bodies,  revolving  in  any  planes  whatsoever,  will 
describe  ellipses  and  complete  their  revolutions  in  equal  times  ;f  that 
bodies  which  move  in  right  lines,  .running  backwards  and  forwards  alter- 
nately, will  complete  their  several  periods  of  going  and  returning  in  the 

♦Proceed.  Am,  Phil.  See.  xvlli,  380. 
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same  times ;  *  and  that  if  a  fluid  bo  composed  of  particles  mutually  repelling 
eacii  otiior,  and  if  tlio  density  varies  t\s  tlie  compression,  tlie  contrif(\gal 
forces  of  tlio  imrllcles  will  be  reciprocally  proiwrtional  to  the  disUincoa  of 
their  centres, f  as  if  indiciUlng  a  reaction  agivlnst  a  force  which  varies  ivs  the 
distance  fh>m  the  centre.  The  centripetal  force  is  jmrtially  illustrated  by 
the  rotation  of  planetary  bodies ;  the  centrif\igal,  by  the  varying  pressure 
of  elastic  atmospheres, 

6.  Such  centripetal  force  as  is  above  supiMjsed,  requires,  for  its  complete 
manifestation,  an  omnipresence  of  activity,  which  is  devoid  of  inertia,  of 
ponderability,  and  of  all  other  onlinary  tests  of  material  nature  ;  an  activity 
which  may,  perhaps,  properly  be  reg»\rded  as  spiritual. 

7.  Laplace  found  himself  obliged  to  recognize  an  activity  in  gravitation, 
which  is  propagated  with  at  letvst  100,000,000  times  the  velocity  of  light,  t 
This  activity,  he  says,  may  be  properly  regarded  as  instantaneous.  If  it  is 
spiritual,  it  may  without  difficulty  be  regarded  as  absolutely  instantaneous 
throughout  the  universe.  If  it  Is  material,  it  is  dlflicuU  to  conceive  of  any 
relation  of  elasticity  to  density  which  would  be  so  great  as  10,000,000,000,- 
000,000  times  that  of  the  supposed  luminiferous  nother.  Yet  such  are  the 
requirements  of  the  Newtonian  law,  that  "the  velocities  of  pulses  proi>a- 
gated  in  an  ehAtic  fluid  are  in  a  ratio  comix>unded  of  the  subduplicate  ratio 
of  the  elastic  force  directly,  and  the  subduplicate  ratio  of  the  density  in> 
versely."  §  The  importance  of  this  law  has  been  shown  by  the  investiga- 
tions of  Qraham,  by  the  Inquiries  of  English  and  German  physicists  into  the 
relations  between  electromagnetic  and  luminous  velocities,  and  by  my  own 
correlations  of  the  force  of  solar  rotation  with  the  forces  of  light,  gnvvi- 
tation  and  chemical  attraction. 

8.  In  any  elastic  or  quasi-elastic  medium,  **  If  the  distances  be  taken  in 
harmonic  [or  arithmetical]  progression,  the  densities  of  the  medium  at 
those  distances  will  be  in  a  geometrical  progression.**  |  I  use  the  term 
**  quasi-elastic,**  in  order  to  meet  the  views  of  Faraday.  Preston  T  and 
others,  who  prefer  to  treat  all  kinetic  questions  In  accordance  with  lines  of 
force. 

0.  The  distances  of  projection,  under  uniform  resistance,  are  proportion- 
ed to  the  living  forces  of  projection,  and  invei^sely  as  the  density  of  the  re- 
sisting medium. 

•  Prlnclpia,  B.  I,  Prop.  47. 

t  lb.  B.  II,  Prop.  38. 

tMeo.  rel.,  X,vll,22. 

IPrinolphuB,  II,P.48. 

B  lb.,  B.  II,  P.  22. 

^  P.  Mi^.,  June,  Sept.,  1877.    Preston  does  not  give  Maxwoirs  demonstration 

of  the  ratio  ^  **  ,  and  neither  he  nor  Maxwell  aoems  to  have  been  aware  that  I 

had  used  tlie  same  ratio  of  vis  viva  five  years  previously,  in  discussing  results  of 
gaseous  energy  (Proc.  Am.  Phil.  Boo.  Feb.  16,  1H?2,  vol.  xll,  p.  ;)9I,  fbot-noto).  I 
showed  that  in  the  explosion  of  gases,  the  secondary  centre  of  oscillation,  on 

(12         2         I'J  —  0        6  \ 
■r^-  —   »■  ^f   "iw  ~  *■   y* )  <>f  ^he  extreme 

excursion. 
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10.  In  mosti  if  not  in  all,  physical  investigations  which  introduce  con- 
siderations of  central  force,  velocity  may  be  treated  as  a  function  of  radius, 

time  and  mass. 

v  =  F(r,  t,m). 

In  undertaking  to  investigate  successive  conversions  of  spiritual,  undu- 
latory,  and  centripetal  or  centrifugal  energy,  astronomical  phenomena  fur- 
nish the  most  abundant,  extensive,  and  varied  opportunities  for  observa- 
tion and  illustration.  Unfortunately,  there  is  so  much  uncertainty  in  re- 
gard to  the  dimensions  and  densities  of  the  principal  heavenly  bodies,  that 
we  can  point  to  few  results  which  are  so  precise  as  would  be  desirable. 
There  are,  however,  some  important  indications  of  the  operation  of  the 
foregoing  laws,  which  are  confirmed  by  terrestrial  phenomena  that  are 
capable  of  very  accurate  measurement. 

In  Searle's  Outlines  of  Astronomy,  page  403,  the  following  figures  are 
quoted  from  the  AnnaUn  der  8ternwarte  in  Leiden,  on  the  authority  of 
Kaiser.  "The  apparent  diameter  of  Mercury,  at  a  distance  equal  to  the 
semi-axis  major  of  Earth's  orbit,  ranges,  according  to  different  observers, 
from  5".2  to  6".9  ;  that  of  Venus  from  16". 6  to  17".9  ;  the  apparent  equa- 
torial diameter  of  Mars  from  9''. 6  to  9''.2  ;  its  apparent  polar  diameter  from 
9" A  to  9".2.  Similar  disagreements  appear  in  dififerent  estimates  of  the 
apparent  diameters  of  Jupiter,  Saturn,  Uranus,  and  Neptune,  at  a  distance 
for  each  planet  equal  to  the  semi-axis  major  of  its  orbit.  Thus  the  equa- 
torial diameter  of  Jupiter  ranges  from  39".5  to  37".l ;  its  polar  diameter 
from  37".9  to  35'M  ;  the  equatorial  diameter  of  Saturn  froml8".5  to  16''.9  ; 
its  polar  diameter  from  16".8  to  15".l  ;  the  diameter  of  Uranus  from  2".9 
to  3".6  ;  that  of  Neptune  from  2".5  to  4".4." 

Kaiser  adopts,  as  most  probable  values  for  the  ratios  of  the  several  diame- 
ters to  Earth's  diameter,  figures  which  I  have  increased  by  one  per  cent., 
in  order  to  adapt  them  to  more  recent  estimates  of  Sun's  distance.  These 
Increased  figures  are  given  under  >*(I),  in  the  following  table.  Under  r(II) 
and  in  the  subsequent  columns,  I  give  theoretical  values  which  illustrate 
simple  harmonic  deductions  from  the  above  general  function  of  velocity. 


Ma8B-de- 
nominator. 

r(I). 

r(II). 

P- 

9- 

d. 

1. 

Mercury, 

4865751 

.34 

.36 

.387 

pi 

—    .53 

1.484 

2. 

Venus, 

427240 

.97 

.98 

.723 

pi 

—    .81 

.822 

3. 

Earth, 

330985 

1.00 

1.00 

1.000 

1.00 

1.000 

4. 

Mars, 

3093500 

.53 

.53 

1.524 

ip 

—    .38 

.719 

5. 

Jupiter, 

1047.88 

11.04 

11.02 

5.203 

ip 

—  2.60 

.236 

6. 

Saturn, 

3501.6 

9.10 

9.20 

9.539 

P  -^ 

^1  =  1.12 

.121 

7. 

Uranus, 

22600 

3.60 

3.60 

19.184 

P   '• 

t     —  1.13 

.314 

8. 

Neptune, 

19380 

5.80 

5.84 

30.034 

.50 

.086 

9. 

Sun, 

1 

109.11 

109.05 

27.83 

.255 

The  value  which  I  have  assumed  for  Earth's  mass  is  the  one  which  I 
have  deduced  from  velocities  of  rotation  and  revolution  and  Struve's  con- 
stant of  aberration.    The  other  mass-denominators  are  the  ones  which  are 


now  jfonorally  adopted  by  astronomers.  The  semUaxes  miyjor  are  rvpre- 
sented  by  ^» ;  the  su|>erflclal  equatorial  acreleratiou  of  gravity,  by  g  j  the 
density,  by  «T ;  Earth's  values  being  assumed  as  the  units.  In  the  expres- 
sions for  g  of  Saturn  and  Uranus,  p^  -  i  8.580  ;  t  =  16.9823  ;  ^»,  being  tlie 
mean  distance  between  tlie  centre  of  the  'l)elt  of  greatest  condensation 
(S«rU\)  and  the  primitive  centre  of  rotary  inertia  (Saturn^;  « being  tlie 
ratio  between  the  time  of  Earth's  rotation  (a  sidereal  day)  and  the  limiting 

time  of  stitelllte- revolution  |  ^'^-^  '-i  at  Earth's  equatorial  surface  V    It  is 

impossible,  at  present,  to  assign  any  more  probable  values  for  the  planetary 
nuUi  than  those  which  I  have  given  under  r(II).  From  those  values  and 
the  masses,  g  and  $  are  readily  fbund  by  the  proi)ortionalities,  rT  oc  m  -i-  r^\ 
g  oc  m  i'  r^.  The  illations  of  ^  to  simple  fVmctions  of  the  semi^axis  major 
would  be  very  striking,  even  if  they  were  only  approxinmtoly  true. 
Although  we  cannot  ascertain  whether  the  relations  are  exact  or  not>,  the 
following  considemtlons  seem  to  Increase  the  pit>l)ability  that  they  are  cor- 
rect indications  of  normal  harmonic  modifications  of  gravitating  force  by 
dlsUu)ce  and  time. 

In  cimiiwrlng  the  gravitating  force  at  the  principal  centres  of  early  nebu- 
lar activity,  we  nuiy,  then,  acknowledge  a  stmng  prolviiblllty  : 

1 .  That  the  tbrce  at  the  centre  of  reciprocity  (Neptune),  Is  one  half  as 
great  as  at  the  centre  of  the  belt  of  gR>atest  density  (ISarth). 

d.  That  the  force  at  the  ciuitre  of  rotary  inertia  (StUurn).  Is  to  the  force 
at  the  centre  of  density,  as  the  rotary  centrli)etal  force  at  Sun,  Is  to  the  ro- 
tary centripetal  force  at  Earth,  the  rotating  tendencies  being  re(Vri*ed  to 
Saturn  as  a  centre. 

3.  That  the  force  at  the  centre  of  nebulosity  (Jupiter),  is  to  the  force  at 
the  centre  of  density,  as  the  combined  intluence  of  the  gravitating  force  at 
the  centre  of  reclprt)clty  and  the  rotary  centrlpettil  force  at  Jupiter,  l»  to 
the  combined  Influence  of  the  corresponding  forces  at  Earth. 

4.  That  tlie  force  at  the  centre  of  nucleatlon  (Sun),  Is  equal  to  the 
veUx^lty  of  llglit,  divided  by  the  time  of  a  half-mtatlon  ;  l^e  halfmtatlou 
Indicating  the  alternate  oscillation  of  equatorial  |>artlcle8,  flx)mand  towards 
the  centre  of  gravity  of  Sun  and  Jupiter. 

In  extending  the  C(mi|iarison  to  the  subonllnate  centres  within  the  belt 
of  greatest  condensation,  we  And  a  like  prolmblllty ; 

6.  That  the  force  at  Mars  Is  to  the  f\)rce  at  the  centre  of  density,  as  the 
comblneil  force  of  gravitating  t)i>  eiVci  at  the  centre  of  reciprocity  and 
rotary  centripetal  fl)rce  at  Mars,  Is  to  the  corres|)ondlng  combined  In- 
fluencies  at  Earth. 

6.  Timt  the  foixte  at  each  of  the  inferior  planets  (Venus  and  Men»ury),  Is 
represented  by  the  mtlo  of  projectile  living  fbrces  to  times  of  revolution. 

Leaving  the  outer  and  somewhat  doubtflU  territory,  and  entering  uj^n 
surer  gw>und,  let  us  consider  some  of  the  obvious  results  of  conversion  of 
primitive  foi'ce,  with  reference  to  centix's  of  condensation. 


Cha^O  8  [Miurch  1^ 

t.  If  tho  vt*1ocity  is  constant,  tUe  rmdlus  of  rotation  or  revolution  must  be 
pro|>ortion(Hl  to  the  time. 

S.  If  raiiii,  wUioU  wore  orli^Uially  estabUshoil  by  a  constant  voU>cUy,  are 
ct>nvorled  into  ludil  of  fh»c  revi>Uilion  under  eiiuivalcnt  central  forces,  the 
times  of  revi>lution  must  Ih»  pm|H>rtioneii  to  tlie  |  jwwer  of  the  nulii* 

8.  If  mdii  of  synchronous  revolution  and  axial  rotation  are  due  to  the 
action  of  a  primitive  conslant  \vavi«>veUHnty,  while  nucleal  radii  ai'e  due 
to  the  ctillision  of  |vinicles  moving  witli  i>arHlK>Iic  voliKity.  the  fwmer 
vekKitv  would  be  ctMumuniaited  in  the  time  of  a  half  rotation*  wliile  the 

latter  would  Ik*  communicated  in  — —  of  the  same  time, 

4.  I^et  us  su|>|>ose  that  the  ratio  of  the  s«>lar  year  to  the  ternv<tria1  day 
origlnatoii  in  tlie  cimstant  veK)city  (l)  of  lij^ht^  which  is  still  represented 

by  the  etiuation  of  solar  half  itnat  ion  (  \^   -  ^  ^^f*  tliat  the  time-radii  {^x) 

were  Cimverteil  into  radii  of  fK»e  revolution  under  eiiuivalent  centrnl  forct>s 
(ii);  and  that  ci>rres|)onding  nuoleiU  rndii  (n,)  were  established  by  piirtilK>lic 

collision  (Su     We  should  then  have 

rV  = ' 

or,  sultstitutingthe  ratios  which  are  representeil  by  r^  and  ^^, 


(I  ytM^r\5^  ,  /  Earth's  semi 4ixis  m»vJor\  5  ....      .^ 
1  day  /       \   Sun's  semi  diameter    /    '  ' 


day 

The  sideriMU  year  is  ct>miK>seii  of  the  original  nebular  sidereiU  notation  and 
the  Utl')/2'»(U)0  additional  siden»al  rotations  which  are  due  to  tenx'strial  con« 
densatiou.    Making  these  s^ubstitutious, 

x~3l4,58«5  J 

Among  the  obvious  ncxial  inHuences  of  distance  and  velocity  which  may 
ho  reasonably  supiH>sed  to  have  nuKlitltHl  tlie  kinetic  undulations  Iwtween 
the  centres  of  density  and  of  nucleation,  the  tbllovving  may  Ik»  sin^citied  : 

L  The  velocity  of  light, V.»  or  the  pn>jwtile  veliKity  which  is  iH^ual  t*> 

the  sum  of  Sun's  gravitating  equatorial  reactions  during  a  half  rotation*  \  * 

2.  Sun's  limiting  velocity  of  revolution,  Vg  -=  i  j/r,  r  being  the  equa- 
torial  radius. 

3.  K;irth's  limiting  veliKity  of  revolution,  r^^  ^-  |  ^r,  at  the  equatorial 
surfaw, 

4.  Kiirth's  su|H'rticial  equatorial  velocity  of  rK)tation,  r^. 

5.  Karth's  semi  axis  nn\]or,  /v 

6.  Ktirth's  diameter,  3r,  or  tho  mia^or-axis  of  limiting  synchronous  linear^ 
elliptical  and  circular  oscillation. 

7.  Moon's  semiMitxis  mia^or,  ^»i« 
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8.  Tho  ratio  of  variation  betwoon  Laplace's  limit,  r^,  and  the  nucleal 
radius*  r^ir^oc  v. 

From  Struvo's  constant  of  aberration,  equation  A,  and  oilier  welUknown 
measurements,  wo  find  :  V.  ---  314.5805ro  -<•  497.827  =  .4800458^0 ;  V^  -- 

814.5305*  X  8  «^ro  -f-  81558150  =  .00068504ro;  t^o  ==  (^«»«^:^  V  85j.a88\* 


5880 


=  4.9075;  fr^3,r  X  8968.88  ->   86164  =  ,888974;  \'     <    V,,  r.^  088.815; 

%  -^-tf^z  16.98387,    Tlie  combined  nodal  action  of  V.,  Vo,  %y  t^  /lo  and 

8r  are  represented  by  Uio  equation  : 
V 

■    ^  ^   ^r  =  ^*' 
Vo         fo       3r 

688.815  \  16.98887  ^-  ^  -+  7985.64. 

^  =  93,711.850  miles. 

V^  =  ^H,  !  497.837  ==  186.288  miles  =  299.705  kilometers.  [  B. 

r^=zfi^^  814,5865  =  488,495  miles, 

^  ^  r  =  88,895.4. 

Sun's  mass 
Eurth-8  mas^  =^  ««»•»»'• 

If  we  adopt  Newcomb*s  estimates  of  Sun*s  diameter,  mass  and  distance 
[Pi^pular  Astrotiomjft  p.  528).  the  nodal  value  of  V.  would  bo  185,884 

miles ;  the  value  as  determineii  by  Struve's  ci>nstantof  aberration,  185.475 
miles;  tho  discreimnoy  being  only  ^^  of  one  per  cent.  MicheKson's  esti* 
mate  (399.820  km.)  is  about  gV  ^^  ^^^^  P^^  <^^^*  greater  than  mine,  and 
about  }  of  one  per  cent,  greater  than  Newcomb's. 

Newton's  law  of  the  ratio  of  el)\stic  densities  to  distances  (8).  tho  law  of 
projection  under  uniform  resistance  (9),  and  the  n\tio  of  variation  between 
Laplace's  limit  and  the  nucleal  radius,  all  are  illustrated  by  tho  lunai* 
equations : 

^  X  ^^  r  =  ^i  =  60,88l5r. 


id" 


r  ~  />o  terjf  Motljf  =  38,082r. 


C. 


J«  J.  von  Littrow's  estimate  fbr  Moon's  semi-axis  miyjor,  cited  by  Searle 

(p.  400),  is  60,8778,  or  about  ^VV  of  one  per  cent,  less  than  the  above  result. 

The  velocity  of  light,  as  deduced  ttonx  the  lumur  value  of  ^  is  188,040 

miles,  or  nearly  one  tier  cent,  greater  than  the  value  found  In  equations  B. 
I  think  no  one  will  ho  likely  to  attach  much  weight  to  the  larger  value, 
but  it  is  interesting  on  account  of  its  indication  of  elliptical  nebular  inllu* 
ence,  with  a  nucleal  radius  alK)ut  one  per  cent  larger  than  Sun's  pros- 
ent  ludius,  and  a  major  axis  alK)ut  one  i>er  cent,  larger  than  K^vrth's  pres- 
ent mean  vectoNradius.    The  nebular  intluenoe  may  be  inf^^rred  tVimi  tlie 
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An  Aeeouni  of  Two  Vap*  of  A^ntriea  Piiblinh^d  IUnpi>cUr$ljf  in  the  Yean 
1550  and  1555.    By  Henry  PhiUipn,  Jr.,  A.V, 

(Read  btfore  the  Atnerican  PhtloBophieal  Soeiety,  Mareh  10,  1880.) 

I. 

In  the  Co9ftMgraphia  UnmrmUn  of  Solwistian  MimBtcr,  publtshod  at 
Bnsle,  in  1550,  tlu*ro  occura  a  large  two  )Higo  map  of  tho  Now  World  which 
la  BO  quaint,  so  singularly  inaccurate,  yot  with  all  its  fiuilts  so  suggestive 
that  a  iloscrlption  cannot  fUU  to  bo  of  Interost  to  all  who  care  to  retrace  tho 
early  history  of  our  country. 

The  copy  of  Munstor  which  Is  In  tho  library  of  our  SwMety  is  tho  Gorman 
edition  of  15tld.  but  contains  tho  same  illustmtlons  and  maps  that  (H'cur  In 
the  earliest  copies  of  the  work.  As  reprints  took  place,  no  changes  seem 
to  have  iH'en  made  in  the  1oltor>press,  and  certainly  no  alterations  were 
effected  In  the  charts  and  engmvlngs. 

North  luul  Simth  America  aiHJ  rt^presented  as  a  large  island  Joined  to- 
gether, w*hen^  Central  America  now  exists,  by  a  strip  of  land.  All  tho  upper 
l)oundary  of  North  America  is  water.  The  civist  lino  fVom  what  Is  now 
called  liabrador  and  New  Hrunswick  to  tho  Gulf  of  Mexico  Is  not  fiadly 
outllniHl ;  Canada  receives  tho  name  of  Frantiera  ;  Yucatan  Is  flgunnl  ms 
a  largit  Island  directly  west  of  Cuba,  which  latter  lies  immediately  to  thu 
south  of  the  peninsula  now  known  as  Florida.  The  Tortuga^it  Islands  are 
thrown  far  Into  the  bosom  of  the  Gulf  of  Mexico,  to  which  Imdy  of  water 
no  name  is  assigned.  ^lexico  Itself  api>ears  as  Chamaho,  and  a  small 
Island,  Panuco,  Is  represented  near  this  country,  olf  the  mouth  of  a  large 
river.  Jamaica.  siK'Ued  Jamica,  lies  to  the  south  of  Culm;  lIis|)aulola, 
directly  to  the  east. 

At  the  |ioint  whera  South  America  is  Joined  to  the  Northern  (\>ntlnent 
is  a  country  which  bears  tho  name  of  Pariae,  marked,  "<ift«ml<i<  auro  et 
fnargaritit,'*  Tho  configuration  of  Mexico  Is  but  poorly  pix^served,  and  the 
Pacific  coast  Is  dotted  with  nuidom  Indentations  of  rivers  and  Imys.  Lower 
California  dtn^s  not  appear,  nor  yet  tho  Gulf  which  seimrates  It  fh>m 
Mexico.* 

A  very  large  body  of  water,  a  ct)ntlnuatlon  of  that  which  forms  the  bound- 
ary of  the  Northern  Continent,  In  shape  and  iK>9ltlon  not  unlike  to  Iludson^s 
Bay,  stn>tches  far  down  to  within  a  short  dlsumce  from  tho  seacoiwt,  no 
great  way  off  Inun  the  present  site  of  New  York  city,  New  York.  Prt>ba- 
bly  this  was  placet!  uptm  the  map  In  conformity  with  Indian  reports  of  vast 
interior  bo<lies  of  watc^r.  confusing  the  Great  Lakes  of  tho  Northwest,  with 
Hudson's  Hay. 

The  peninsula  now  known  as  Florida  la  quite  correctly  drawn,  although 
it  does  not  bear   any  name,    but  a  region  of  country  corresponding 

*Aooordtnffto  Humboldt,  Lower  Onlifbrnia  had  been  rtHH>gnistHt  m  a  penin« 
aula  us  <mrly  lyi  15£H)*11, 
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wiUi  tho  south-westorn  parts  of  North  Carolina,  the  north-western 
and  northern  portions  of  Georgia,  the  upper  portions  of  Alalmma  and 
Mississippi,  and  the  lower  parts  of  Tennessee,  receives  the  aptiellation 
of  Terra  Jhrida.  Above  this  region  and  tranding  to  tho  north  is  a 
range  of  mountains,  from  whose  western  extremity  a  very  large  but 
nameless  river  takes  its  rise,  in  two  diverging  branches,  at  a  considerable 
distance  ttom  tho  sea*coast,  and  ultimately  empties  Its  watera  into  the  Gulf 
of  Mexico.  This  seems  to  represent  the  Mississippi,  and  is  in  a  retisonably 
accurate  {xoition,  except  that  the  Junction  of  the  two  streams  whicli  com- 
pose it,  is  placed  too  near  tlie  river*s  mouth.*  It  is  possible  that  some  tra- 
dition of  the  Missouri  may  appear  in  the  north-western  branch  of  this 
stream. 

To  the  west  some  distance  off,  is  a  large  but  nameless  river  taking  its 
rise  in  a  range  of  mountains  which  run  ttimx  east  to  west.  This  may  be 
the  Rio  Grande  del  Norte,  the  Texan  l>oundary  line. 

Th('  Isthmus  of  Central  America  is  delineated  as  somewhat  larger  than 
it  really  is.  South  Americti  is  very  incorrectly  drawn,  being  tt>o  **  squat  ** 
in  appeanuice.  A  large  river  empties  on  Its  northern  shores  into  tho  ocean, 
and  on  the  land,  at  the  etisternmost  projection  of  the  Continent  there 
stands  a  hut  constructed  of  Ixnighs,  letwes  and  branches,  ttoiw  one  of  which 
lattet  a  human  leg  is  ))endant.  Lest  there  should  be  any  doubt  in  tho  mind 
of  the  reader  as  to  what  all  this  meant,  the  woixl  Cnntbali  is  printed  ui>on 
this  region  to  show  the  nature  of  its  inhabitants*  The  bay  of  Uio  Janeiro, 
although  nameless,  is  shown,  but  appears  to  penetrate  much  farther  into 
the  main  land  than  it  really  does.  At  the  mouth  ot  tliis  reach  of  water  are 
islands  bearing  the  name  7  in9uU»  Marg^ieritarutn. 

Farther  to  the  south  is  a  country  marked  Begio  Oiganiuni^  and  still 
lower  is  the  F^tium  MageUanit  se^taratiug  the  Southern  Continent  fVom  a 
piece  of  land,  whose  termination  is  not  sliown  on  the  map. 

The  configuration  of  tho  western  coast  Is  still  more  defective.  Only  one 
name  appears  on  it,  Caiigarc^  which  is  txt  up  towanis  the  north-west. 
Printed  upon  the  South  American  Continent  are  the  words,  *'NOVUS 
ORBIS,  no^a  insula  Atlai\Hca  quam  meant  Braeilii  $t  Amerirain,*' 

The  Western  iK)rtion  of  the  map  is  Ailed  by  the  Maius  Pacipicttm,  in  the 
lower  ptirt  of  which  is  drawn  an  old-fiishioned,  high-pooixnl,  one- masted 
vessel,  alH>ve  which  is  the  island  Zipangri  surrounded  by  ARCiiirKLAQUS 
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In  the  extreme  north-west  of  tho  map  is  Ifidia  $uptrityr»  which  ct^ntains 
Cathay,  and  its  capital  city,  Quinnag,  Below  the  ship  are  tlie  iiMulm  tn- 
fortunata, 

IL 

I  turn  from  this  map  to  one  which,    although  published  live  years 
later,  was  evidently  engraved  at  some  very  much  earlier  date. 
The  Novus  Orbis  of  Simon  Grynous,  published  at  Basle,  in  1555,  con- 

*The  Mississippi  was  dlsoovorod  by  De  Soto  In  15U,  but  the  aocouut  of  hla 
travels  was  not  published  till  1557. 


FbilUpsJ  12  [March  19, 

tains  what  was  intended  for  a  representation  of  the  world  as  then  known. 
It  is  a  very  large  map,  surrounded  by  a  border  of  wood-cats,  Tery  similar 
in  subject  and  treatment  to  those  found  in  Munster,  exhibiting  cannibals, 
wigwams,  serpents,  elephants,  «&c.  Within  the  border  are  the  names  of 
various  winds,  and  upon  the  seas  are  deliueated  remartcable  monsters,  fish 
and  mermaids. 

The  portion  of  the  map  upon  which  America  appears  is  the  only  one 
which  will  claim  our  attention. 

North  of  Cuba  there  is  no  land  whatever.  This  island  is  represented  in 
the  form  of  a  parallelogram  extending  from  Latitude  10^  to  Latitude  49° 
North,  and  lying  between  Longitude  280°  and  290°  East  from  the  meridian 
of  Madeira.  At  its  southern  extremity  flows  a  narrow  strait  which  sepa- 
rates it  from  South  America,  called  on  the  map,  America,  Terra  nova. 
The  shape  of  the  upper  portion  of  the  Southern  Continent  is  not  badly  pre- 
served, but  as  it  descends  it  becomes  thinner  and  thinner,  ultimately 
closing  in  a  point  of  land  without  any  suggestion  whatever  of  the  Straits  of 
Magellan.  On  the  northern  coast  are  the  Canibali,  at  the  west  is  Parias^ 
about  Latitude  20°  South  is  BrasiliaB.  An  island  marked  Terra  eortesia 
almost  due  west  of  the  northern  extremity  of  Cuba  lies  in  Longitude  310° 
E  and  Latitude  50°  N.  To  the  south-east  of  the  centre  of  Cuba,  lying  be- 
tween Latitude  20°  and  30°  North  and  Longitude  800°  and  310°  East,  is 
an  island  called  Isabella;  east  and  south  of  this  are  a  cluster  of  islands 
designated  as  Insulm  AnHgliWy  through  which  the  Tropic  of  Cancer  passes, 
and  just  above  SpagnoUa,  which  is  to  the  south  of  Cuba. 

This  comprises  all  the  land  shown  in  the  Western  Hemisphere  except 
the  island  of  Zipango,  due  west  of  the  centre  of  Cuba,  in  Latitude  10°  to 
30^  N.,  Longitude  260°  to  270°  East. 

The  ocean  between  Europe  and  Cuba  is  called  Oeeanus  Magnus. 

Note. — The  inaccuracy  of  this  map  is  really  surprising,  when  we  con- 
sider the  facilities  then  already  in  existence  for  verification.  A  Spanish 
mappa  muiadi  &nd  hydrographic  chart  published  in  1573  (Lelewel.  I.  p. 
CXXXVI),  presents  the  North  American  coast  not  badly  delineated  from 
Newfoundland  down,  although  exhibiting  some  uncertainty.  The  Penin- 
sula of  Florida  appears  under  that  name,  and  Lower  California  is  separated 
from  Mexico  by  a  body  of  water,  and  Mexico  and  Central  America  are  quite 
correctly  drawn.  Yucatan  is  shown  as  a  peninsula,  and  in  its  proper  posi- 
tion. The  conformation  of  the  Gulf  of  Mexico  is  reasonably  accurate. 
South  America  is  justly  drawn,  although  the  portion  below  the  Straits  of 
Magellan  is  only  partially  exhibited.  The  Canibalea  still  are  attributed 
to  the  northern  part  of  Brazil. 

The  Amazon  river  appears  under  that  name. 
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Oh  the  Aotion  of  Ilj/droehlorie  Add  and  of  CMoHm  on  AeetobertMoio 

Anhydride,    By  TTm.  ZT.  Greene^  M.D. 

(Read  before  the  American  Philo9ophical  Society,  March  10,  1880.) 

In  September  Inst,  M.  Loir  published,  la  the  BulUtin  de  la  Soetffe  (7Atm- 
ique^  a  paper  upon  the  double  fUnctlon  (alcohol  and  aldehyde)  of  varlt)U8 
acids  and  anhydrides.  I  will  not  discuss  the  general  conclusions  of  this 
article,  which  has  found  its  way  Into  many  of  the  collections  of  scientific 
literature,  but  the  imper  contains  grave  errors  upon  certain  of  the  reactions 
of  acetobenzoic  anhydride.  According  to  M.  Loir,  this  com iwund  behaves 
differently  with  hydrochloric  add  and  with  chlorine,  accoixllngly  as  it  has 
been  prepared  by  the  action  of  acetyl  chloride  upon  sodium  bonzoate,  or  of 
benzoyl  chloride  ujwn  sodium  acetate.  Made  by  the  last  of  these  processes, 
it  is  decomposed  by  hydrochloric  acid  at  180*,  into  acetyl  chloride  and  ben- 
zoic acid  :  chlorine  at  140®  converts  It  Into  acetyl  chloride  and  chloroben- 
zolc  add.  Under  the  same  drcumsUuicos,  the  anhydride  prepared  by  the 
first  process  Is  unafTected,  but  at  160°  Jiydrochlorlc  add  converts  it  into 
benzoyl  chloride  and  acetic  acid ;  at  170°  under  the  action  of  chlorine  it 
yields  benzoyl  chloride  and  chloracelic  acid. 

Acetobenzoic  anhydride  begins  to  decompose  at  a  temperature  below  150°, 
into  acetic  anhydride  and  benzoic  anhydride,  and  at  temperatures  near  this 
|X)int  it  should  act  as  would  a  mixture  of  the  latter  two  bodies.  Uiuler  the 
influence  of  hydrochloric  add  it  should  yield  acetyl  chloride,  acetic  add, 
benzoyl  chloride  and  benzoic  add.  Chlorine  should  act  In  an  analogous 
manner.  I  have  repeated  the  experiments  of  M.  Loir,  with  the  following 
itisults  ] 

If  dry  hydrochloric  add  be  passed  Into  acetobenzoic  anhydride,  at  ordi- 
nary temperatures,  the  reaction  Is  the  same,  by  whichever  process  the  an- 
hydride may  have  been  preimred  :  benzoic  add  is  deposited,  and  the  tube 
convoying  the  hydrochloric  add  becomes  obstructed.  On  raising  the  tern- 
peniture,  acetyl  chloride  begins  to  distill  at  55-00°,  and  the  product 
obtained  up  to  180°  Is  a  mixture  of  acetyl  chloride  and  acetic  acid.  If  the 
heat  be  raised  much  above  180°,  and  if  the  current  of  hydrochloric  add  be 
rapid,  a  small  quantity  of  benzoyl  chloride  is  carried  over,  and  will  be 
found  in  the  distillate.  Tlie  residue  in  the  apimratus  consists  of  benzoyl 
chloride  and  benzoic  add.  If  the  anhydride  be  heated  to  130°,  or  any  other 
temperature,  before  passing  the  hydrochloric  add,  the  reaction  Is  the  same 
with  the  anhydride  prepared  by  each  process.  However,  It  seems  that  the 
lower  the  tempemturo  the  greater  the  proportions  of  acetyl  "chloride  and 
benzoic  add  which  are  formed,  while  at  higher  temperatures  (ia07l50°), 
the  reaction  yields  acetyl  chloride,  acetic  add,  benzoyl  chloride  and  ben* 
zoic  add  In  about  equivalent  proportions. 

Chlorine  acts  in  an  analogous  manner:  the  products  are  the  same 
in  whichever  manner  the  anhydride  may  have  been  prepared  ;  but,  with 
the  exception   of  the  acetyl  chlortde.  these  products  are  more  difficult  to 
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scpanitc  than  thoeo  formed  In  the  rcartton  with  hydrochloric  nctd.  Indeed, 
chlomccUc  add  hoUs  at  ahout  1H()°,  and  benzoyl  chloride  at  108°  :  In  the 
oxpertnuM)t8  of  M.  Loir,  the  latter  coutpound  secerns  to  have  dUtilicd  over 
first,  lcavin\{  the  chlonuH)tic  aold  in  the  retort.  At  teni|)erature8  near  150^ 
the  pn)diuMd  of  this  reaction  are  acetyl  chloride,  chloracetic  add,  houzoyl 
chloride  and  chlorobonxoic  acid  t  at  U)\ver  temperatures,  the  principal 
products  aro  acetyl  chloride  and  chlorohonxoic  add. 

From  his  exi)eriments,  M.  Loir  considers  tliat  there  is  a  difference  in 
oonstltution  between  benzoyl  acetate  and  acetyl  bcnxoate,  but  tlio  results 
of  thoHc  oxi)erlmouts  being  erroneous,  such  a  conclusion  Is  unsusUdned. 
ThcHo  boillcs  thus  named  are  identical ;  all  of  their  reactions  under  the  mmt 
oonditiom  are  the  sivme,  and  they  must  be  represented  by  the  same  n\tlonal 
formula. 


Stated  Mating  April  2,  1880. 
Piwont,  12  niombere. 

Mr.  Praloy,  Prof.  I\  E.  Cha80,  Dr.  R.  E.  Rogers,  Mr.  J.  S. 
IMoo,  Dr.  C^roaaon,  and  Mr,  PhilUpa  fligniriod  by  letter  thoir 
noeontanco  of  tho  appointment  to  represent  the  Society  at 
Hoftton  on  tho  2Gth  of  May. 

Dr.  (Jonth  doolined  tho  appointment  to  prt^paro  a  notice 
of  the  hito  Prof,  Roepper,  on  tlie  acore  of  ill-health. 

A  lot  tor  of  envoy  was  received  from  the  U.  S.  Naval 
Observatory  in  Washington. 

A  letter  requesting  contributions  to  tlio  burnt  library  at 
St.  John,  Now  Brunswick,  was  received  from  Mr.  Jas.  Dom- 
ville,  Honorary  Secretary,  House  of  Commons,  Canada,  dated 
Ottawa,  March  11, 1880. 

Donations  for  the  library  were  received  from  the  Ac>ade- 
mies  at  Rome,  Berlin,  Brussels, and  Philadelphia;  the  Geo- 
graphical Society  at  Bordeaux;  the  Viptoria  Institute,  R, 
Astronomical  Society,  and  London  Nature;  the  Societies  at 
Quebec  and  Milwaukee ;  the  Boston  Natural  History  Society ; 
Cambridge  Museum  C.  Z.,  and  Now  England  Oenealogical 
Society  ;  the  Observatories  at  Washington  and  Mexico;  the 
University  and  Peabody  Institute  at  Baltimore;  Mr.  J.  S. 
Price,  and  Mr.  Henry  I'hillips,  Jr. 

The  death  of  Guillaume  Philippe  Schimper,  at  Paris, 
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March  29^agod  T2,  was  anQotmced  by  thfe  Sooivtary ;  and  on 
motion^  Prof*  Leo  Lcaquoroaux  of  Columbus,  i\  wm  ^> 
lH)intcHi  to  pi^ejiaro  an  obituary  notice  of  the  deoousoii. 

A  short  communication  "On  tlio  origin  of  phuiota*'  was 
receivoil  fi\>m  Prof*  Daniol  Kirk  wood. 

Ponding  nominations  Ni^s,  893  to  908  and  now  nomina- 
tio!is  Xos,  909  to  918  woix)  ixuid. 

On  motion  of  Mr*  J,  S,  Price,  baaed  ujHm  a  letter  from 
Dr.  Cat  toll  of  Kaston,  the  use  of  the  Hall  of  the  Society  was 
tentieivd  to  the  Americiui  Philological  Association  for  it« 
next  annual  mooting  in  July. 

And  the  meeting  was  adjourned. 


If  T.rtplAW*a  hy|H>the8i8  of  tho  formation  of  plnnotj!^  and  smtolUto*  ttxmx 
nebulous  ting*^  cannot  be  austttlntnl*  we  may  eonfUuio  lIuU  euoh  planeU  ftt 
Its  orijs:ni»  wfta  sejmmtei!  fitwn  a  very  limited  are  of  tlie  e<|uatt>rlAl  pnv 
UilioraiuH.' :  or»  In  othor  worda,  UuU  Instead  of  tho  aei^aratlon  of  a  rln^«  the 
centrU\i|tal  force  proiluced  a  rupture  at  the  |H)lut  of  least  reslst^uu^e  In  the 
e^ivmtorial  belt*  From  the  ciiasm  thus  f^)rmed  a  i\ebu1ous  mtvsa  wa^  thrown 
out,  which  In  proci»8«  of  time  was  transformed  Into  the  outermost  planeUf 
The  tendency  to  seimratlou  art)und  the  equator  would  thus  be  rellevtHl, 
and  the  elUpllelty  of  the  spheroid  tenH)omrlly  diminished.  Further  con< 
densatlon,  however,  would  again  Increase  the  centrlftijpvl  force  until  an* 
other  rupture  or  outrush  similar  to  tho  tirst  would  ncvX^ssjvrlly  rt*sult»  The 
formation  of  planets  firom  these  nebulous  masses  may  thus  be  explalneti 
without  the  necessity  ^of  sup|H>slng  such  matter  to  have  bw^  slowly  col« 
looted  fh)m  c<mtlnuous  rln^s* 

The  origin  of  stUellltes  Is  also  \t>ry  obviously  acinnuUed  for.  In  shorty 
when^  the  ring  hy|H)thesls  Is  encumbenni  with  dUtlcuUles  well  nigh  Insu- 
penUdc,  the  theory  hert»  pmjHWHl  seems  less  ojwn  to  objection*  Not 
ImpnUmbly,  however,  the  ancient  orbits  of  the  seci^ndary  systems  luui 
perha|)s  also  of  some  of  the  prluuuy  planets  may  have  dltVeixHi  to  a  con* 
sldenible  extent  flPiuu  their  pn»sent  dimensions,  as  Is  shown  by  Mr*  O.  H, 
Darwin  In  his  **  Tidal  Theory  of  the  K\t)lutlon  of  8<vtclUtos.**| 

♦  rroc  Am«»r»  PhU.  Soc,  vol.  xvHL,  p,  «1M« 

t  It  U  now  lielteveit  by  aatr\>nomi>.ra  that  th«  pheunm«»uu  of  tenuHtrary  ttam, 
sueh  i\s  thoso  of  l^i,  iStW  mul  Ij^rr,  uro  pnHtuoeil  by  ^uonuouM  ouilnir«sl«  of  tn» 
oaiuieseent  matter. 

ITho  Observatory  Ibr  July,  l$79* 
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Stated  Meeting.  April  16,  1880. 
Present,  17  members. 

President,  Mr.  Fraley,  in  the  chair. 

A  letter  of  acknowledgment  was  received  from  the  K.  K. 
Central  Anstalt  fiir  Meteorologie  und  Erdmagnetismus,  at 
Vienna,  dated  March  17, 1880  (100, 103). 

A  letter  of  envoy  was  received  from  the  Surveyor-Gen- 
eral of  India,  dated  Calcutta,  March  1, 1880. 

Donations  for  the  Library  were  received  from  the  Swedish 
Bureau  of  Statistics,  Stockholm ;  Ilerr  C.  A,  Dohrn,  Stettin ; 
the  editor  of  the  '*  Zoologischer  Anzeiger,"  Leipsig ;  the 
Royal  Academy,  Brussels ;  Societe  de  Geographic,  and  R6- 
vue  Politi(iueet  Litteraire, at  Paris;  Accademiadei  Lincei, 
Rome;  Editors  of  the'' RevistaEiiskara,"  Pamplono;  Society 
of  Anti^iuarios,  Editors  of  Nature,  and  Mr.  Joseph  Prest- 
wich,  London ;  Natural  History  Society,  Montreal ;  Con- 
necticut Academy  of  Arts  and  Sciences,  and  American 
Journal  of  Science,*  New  Haven;  Trustees  of  the  Astor 
Library ;  Editor  of  the  North  American  Entomologist, 
Buffalo ;  New  Jersey  Historical  Society ;  New  Jersey  State 
Geologist;  Franklin  Institute,  Medical  News,  American 
Journal  of  the  Medical  Sciences,  and  American  Journal  of 
Pharmacy,  Philadelphia;  the  Managers  of  Ilaverfonl  Col- 
lege, Penna. ;  Mr.  Henry  Phillips,  Jr.,  of  Philadelphia; 
Cincinnati  Society  of  Natural  History;  St.  Louis  Academy 
of  Sciences ;  and  M.  Hugo  von  Meltzl. 

No.  10r>  of  the  Proceedings  of  the  Society,  just  published, 
was  exhibited. 

Mr.  Lesley  communicatetl  the  following  extracts  from  a 
letter  received  from  Mr.  Lesquereux  respecting  an  interest- 
ing discovery  of  North  Carolina  Triassic  (?)  plants  in  Bucks 
county,  Pennsylvania : 

••Yosleixlay  (April  18 1  I  found  in  a  box,  which  I  received  about  two 
weeks  ago,  a  letter  from  Mr,  John  8.  Ash,  of  Buckingham,  Bucks  county. 
Pennsylvania,  witli  six  siwclmens  bearing  vegetAiblo  remains  of  a  Cycad  : 
IHerophyUum  robust  am  Emmons  (a  largo  specimen) ;  Cahmites  orenacrut 
Brgl.  (four  specimens),  outside  and  inslda  cylinder  in  two  small  siwci- 
mens  ;  a  fVagment  of  bark  (undctcnninal)le)  like  a  Cyclostftjma. 
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•*  Those  Riwcimons,  ospocially  the  PUrophf/llnm,  arc  posltlroly  of  thoaRo 
of  tho  Uoil  of  North  ('arolina,  which  Kmrnong  rofora  to  tho  Trhis,  and 
"Which  VVhilo  putH  aH  liigh  as  tho  Lias  or  JunvHsic  ;  curtalnly  not  New  Ucd 
H8  marked  iu  the  letter ;  still  less  Carboui Porous. 

''Neither  Dana  nor  Uogors  have  seen  this  Iformatlon  In  Pennsylvania, 
at  least  not  in  Bucks  County.    The  fossils  interest  me  very  much. 

Prof.  Chose  coinm'micatod  threoi  iiotefl  oiititlod : — 

1.  Aatrotiomical  Approximations.  V.  Oornotary  Parabo- 
loids. 2.  VI.  Oosmical  Dotormination  of  Joule's  Kiiuiva- 
lont,  8.  Relations  of  Chemical  Affinity  to  Luminous  and 
Cosmical  Energies. 

Mr.  Hall  diseusHod  some  geological  casts  of  a  series  from 
tho  State  Geological  Survey. 

Pending  nominations  Nos.  803  to  908  were  read  and 
acted  upon. 

Pending  nominations  Nos.  900  to  918  were  read. 

Mr.  Chase  moved  that  Ilaverford  College  bo  placed  on  tlio 
roll  to  receive  the  publications  (Proceedings  and  Transac- 
tions) of  the  Society.     It  was  so  ordered. 

On  scrutiny  of  the  ballot  boxes  by  the  President,  the 
following  persons  wore  declared  duly  eloctotl  members  of 
tho  Society : 

898.  Dr.  Austin  Flint,  Sr.,  of  Now  York  City. 

894.  Dr.  Austin  Flint,  Jr.,  of  New  York  City. 

895.  Dr.  Roberts  liartholow,  of  ]*hiladelphia. 
890.  Mr.  J.  Vaughn  Merrick,  of  Philadelphia. 

897.  Mr.  Horace  Howard  Furness,  of  Philadelphia. 

898.  Mr.  Ellis  Yarnall,  of  Philadelphia. 

899.  Rev.  (Jeorge  Dana  Hourdnian,  of  Philadelphia. 

900.  Mr.  William  H.  Rogei*s,  Jr.,  of  Philadelphia. 

901.  Prof.  Ogden  N.  Rood,  of  New  York  City. 

902.  Mr.  Uenry  Martyn  Chance,  of  PhiladoI|)hia. 
908.  Dr.  William  Thompson,  of  Philadelphia. 

905.  Mr.  (krlirile  P.  Patterson,  of  Washington 

906.  Mr.  Hampton  L.  Carson,  of  Philadelphia. 

907.  Mr.  Joseph  C.  Fraley,  of  Philadelphia. 

908.  Rev.  Joseph  A.  Murray,  D.D.,  of  Carlisle,  Pa. 
And  the  meeting  was  adjourned. 

ruoc.  AMitu.  riiiLOH.  mv,  xix.  107.  r.    vuintkd  .U'Nifi  2,  IHSO. 
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A*h^HPmi^al  jipprojriin«tfit*Hi.    F.«    IT     /?,v  H/a^v  Ks9tU  ^MiMi,  X£«l>.» 

(R0<id  h^or4  the  .4wi^rir«iii  PhnoiophicM  A^^^t^,  April  16,  l^lX) 

F,    Cometatjf  Pt9t<9Moiiiit. 

Some  recent  communications  U>  the  Prencli  Acjulemy.  by  MM.  Ojuia* 
Bin*  and  Paye^f  Imve  letl  me  to  re-examine  wme  of  my  earlier  di^eu«»U)us 
of  the  influenet^  of  proJe<*tile  fonH.««i  and  |)eritVHvil  (H)lUsion3«  upon  nebular 
rupture  and  coamictU  uuoU^Uiou4  I  have  emlKxiitHl  some  of  the  rt«aultj»  of 
this  examination  in  a  comi>ari8on  of  my  application^  of  the  genenil  e<|ua* 
lion 

11=^^  s    (U 

with  Qaussin's  analogous  equation  | 

rt  =a  A;^ (3) 

If  we  let  fo  -  -  1  =  Sun*8  nulius ;  *  -  U6. 164  ;  ,j  :  1,6^53 ;  ;:  -=  L013. 
equation  (I)  gives  a  series  of  |)anilH)loKial  aK^ci^stis  wliich  represent  im< 
portant  cosmical  relations* 

Bwiiea  falling  towiirds  the  centrt^  of  a  civmilcal  system,  tVom  a  distance 

mf,  aajulre  the  <*♦  velocity  of  revolution,  ( I  mr,  at  the  distjuice    .         . 

Therefore.    3l,    .'^f^ ,     ^*^  ,    •    .    .   rt^present  ix^lnts  at  which  nebular 
8  u  4 

subsidence  would  tend  to  proiUiw  rupture,  with  ci>nsequent  orbital  rt»vo- 
lution  at  d^  d^^  ii^  ^  .   . 

In  Table  I,  P  represents  StockwelVs  values  for  the  secular  perihelion 
points  of  rupture,  in  units  of  r^ ;  A,  the  values  for  secular  aphelion  ;  T, 
the  tlieoretical  rupturing  distances  as  determined  by  equation  (1). 

TABLE   I. 

i  Mercury  =  *y/s* 

i  Venus  =  Jt/C* 

}  Earth  =  $t/C'* 

i  Mars  —  ^/c** 

I  Ceres  -  =  fy/C** 

)  Jupiter  ^  =  *y/C* 

f  gaturn  =  *»/;•* 

I  Uranus  =  *,/C** 

I  Neptune  —  cr/V** 

•  (*omptP»  UenOaa  t  xe,  pp»  518,  TilW. 

t  lb.,  p.  cm. 

tPrtH\  Am,  Phil.  See.  Vola.  Ix-xil. 

i  lb.  xii,  ra). 

ILooolt,  p.  TtJO.    Eqimllon  {:!)  is  a  spoclal  otu^e  of  CKjimtlun  (1),  with  ^  .^  1, 


P. 

T. 

A, 

81.91 

44  94 

51,14 

79,11 

77.91 

88.07 

188.84 

188,58 

153.71 

aio.06 

959,98 

979.88 

4^8.00 

478.69 

511,84 

878,50 

910.^0 

086.75 

1606. 10 

1795,05 

1909,08 

8819.91 

8689.14 

8881.96 

7408.87 

7541,89 

7696,46 

Tho  i>erlholi(>n  aud  aphelion  values  fbr  jl  Cores  were  found  by  taking 
Nowcomh's  value  for  tho  oceontrlcity  (.077)  and  moan  distance  (55.700^«, 

t-  604. OOr^^.  The  other  values  of  V  and  A  are  computed  ttom  StookwoU's 
elements  of  planetary  dlsUvnce  and  secular  variation,  taking  214.54^0  fbr 
tho  value  of  Karth's  semlaxls  mt\|or  [ft^), 

DWkliug  the  values  of  T,  in  Table  I,  by  tho  rospcctivo  rupturing  oo- 
efilclents  (^»  }*  }•  *  •  •  )»  ^^^^  iH)duclng  to  units  of  Earth's  semi  axis 
mtijor,  wo  obtain  tho  values  in  coUtmu  C»  Table  II,  for  comparison  with 
GauBsln*s  values,  which  are  given  In  column  G. 


TABLE  11. 

• 

P. 

C. 

0. 

A. 

MoiTury 

.307 

.410 

.803 

.477 

Venus 

.073 

.730 

.038 

.774 

Earth 

.083 

.000 

1.078 

1008 

Murs 

1,811 

1.573 

1.848 

1.780 

Astenild 

9.183 

9.700 

8.18{) 

8.054 

Jupiter 

4.880 

5.003 

5.488 

5.510 

Saturn 

8.784 

0.701 

0.445 

10.848 

Uranus 

17.081 

10.848 

10.3H0 

20.070 

Keptuno 

do.nu8 

80.130 

38.035 

80.470 

The  perlhell<m  and  apheliim  values  of  tho  ast.ort)ldal  belt  arc  ropresented 
by  the  mean  distances  of  {lii)  and  (»m).  All  tlie  other  values  In  columns 
P  and  A  are  computed  from  Slock woU's  elom.MUs.  Gaussln's  approxi- 
mations to  the  dist^Vnces  of  Venus,  Earth,  Mars,  Uranus,  and  Neptune,  aiH) 
all  outside  of  tho  limits  of  secular  excui*slon  for  tho5<o  planets  i*es|H»ctlvely. 
My  own  values  are  all  wltliln  those  limits,  and  their  approximations  to 
tho  mean  values  are  closer  than  those  of  any  other  similar  series  that 
has  ever  fallen  under  my' notice. 

Tho  data  for  the  constnictlon  of  tho  cosmothetlc  panUmloid  woj*o  de- 
rived ftx)m  considemtions  of  linear  oscillation  («),  ow  vim  (^J^rT),  nuclcal 

rotation  and  synchronous  orbital  revolution  {y),  spherical  oscillation  (r^), 
Inter-stellar  act  ions  and  redactions  of  pn\]ection  and  attnuUion  (t),  lumi- 
nous undulation  (f )  and  universal  nebular  subsidence  and  ruptuixj  (y^), 

a*  The  focus  of  (mrabololdal  action  Is  Sun's  centre.  The  locus  of  the 
dlr<»ctrlx  Is  also  the  locus  of  the  linear  centre  of  oscillation  of  Sun's  di- 
ameter, retenvd  to  Sun's  surface  i§  d  —  r  r.-^  ^  r), 

,?,  ^,  The  fXmdamental  abscissa  (*)  Is  }  L ;  j)  representing  the  relative 

VM  Hm  of  the  linear  centre  of  oscillation  ()\  and  L  being  Laplace's  limit, 
or  the  locus  of  synchronous  rotation  and  revolution. 

fT.  Tho  initial  mtlo  (ijC*  - :  1.00708)  dUlers  by  loss  than  ^h  ^^  <>"<5  P^*r 
cent.  nt)m  J ;  i  being  the  mtio  of  rupturing  tin  rim  to  resldiml  «i«  «»'(>a  of 
rotation  (1  —.4:  :  .0). 

c.  The  planetary  field  is  gec^metrlcally  intermediate  between  the  Holds 
of  solar  nuclcallon  and  of  stellar  projection.     There  are  0  abscissas  l>e- 


Chase.1  -0  [April  16, 

tween  Sun's  surface  and  }  Mercury  ;  9  at  loci  of  theoretical  planetary 
rupture  ;   9  between  }  Neptune  and  the  region  of  the  fixed  stars. 

f .  The  27th  abscissa  from  Sun's  surface,  or  the  19th  from  c,  (^ij^*f  *®^), 
is  L  M  -J-  ro ;  M  being  the  elastic  modulus  of  light  at  Sun's  surface.  (L  = 
36.36  ro;  M  =  474600  To-) 

7j,  The  28th  abscissa  from  Sun's  surface,  (cry**f  *••),  is  46352440.  Four  re- 
cent estimates  of  the  distance  of  a  Gentauri  range  between  45340000  and 

48479500.  Searle*  cites  authorities  ranging  between  44253  00  and  49169000. 
Newcomb  says.f  "The  mean  of  all  the  measures  of  the  parallax  of  this 
pair  of  stars  hitherto  made,  gives  0".93  as  their  most  probable  parallax, 
corresponding  to  a  distance  of  221000  astronomical  units."  This  is  equiva- 
lent to  47463340  r^. 

It  will  be  readily  seen  that  the  elements  of  the  paraboloid,  (J  Vq,  L,  M), 
are  entirely  independent  of  any  observed  or  theoretical  planetary  distance. 
No  values  can  be  assumed  for  those  elements,  within  the  limits  of  possible 
uncertainty,  which  will  weaken  the  evidence  that  the  nebula- rupturing 
position  of  the  several  planets,  the  time  of  solar  rotation,  and  the  inter- 
stellar spaces,  have  been  determined  by  the  laws  which  govern  luminous 
undulation. 

YL  Cosmical  Determination  of  Joule's  Equivalent. 

In  estimating  heat  of  dissociation,  Pfaundler  has  shown:(  that  the  mean 
should  be  taken  between  the  temperatures  of  incipient  and  of  complete 
dissociation.  On  this  principle,  in  estimating  the  temperature  of  water- 
crystallization  we  should  have  regard  to  all  stages  of  the  expansion  in 
molecular  rearrangement,  and  take  the  mean  (35°. 6  F.  =  2^C)  between 
the  temperatures  of  greatest  density  (39°  .2  F  =  4°C)  and  of  complete  crys- 
tallization (32^  F  =  0^0).  So  long  as  water  cfontinues  to  condense,  its 
tendencies  are  centripetal  and  polar  ;  while  it  is  expanding,  they  are  cen- 
trifugal and  equatorial.  The  thermodynamic  relations  between  heat  and 
work  should  be  shown  in  the  comparative  motions  and  temperatures  of 
polar  and  equatorial  waters,  as  surely,  and  with  as  abundant  facilities  for 
accurate  measurement,  as  in  the  experiments  of  the  laboratory  or  in  the 
processes  of  the  workshop. 

Johnston's  Physical  Atlas  gives  83°. 6  F  (28°.  IC)  as  the  mean  tempera- 
ture of  the  oceanic  warmth-equator.  Tliis  indicates  a  polar-equatorial 
difference  of  82^6  —  35°.6  F  =  47  J,  or  28M  —  2'C  =  26.1  calories. 
The  difference  in  gravitating  measure  can  be  readily  deduced  from 
the    differences    of    motion.      The    velocity    of   equatorial    rotation    is 

1525.78  feet,  which  represents  a  fall  of  (  ^^'^^-^V  x  16. 044  ft.  =  47  J.   Hence 

we  find  J  =  771.816  foot-pounds  ;  Calorie  =  433.44  kilogrammetres. 

•Outlines  of  Astronomy,  p.  396. 

t  Popular  AstVonomy,  p.  208,  foot  note. 

X  Pogg.  Ann.,  1867,  131,  G'J3. 


The  mmUilus  (A)  of  tho  voloclty  of  n>UUlon  (♦^r)  Is :  h  -=  .^'   =-  ( !*)*♦'' 
Sulislltutlng  tho  values  of  r ,  ^r,  <..  <,,,  wo  ami  A  .r-  ^3:' •'^*  :r^  /^ly^ 


r  :l?i741  mUos    -  .Jjr 


This  jrivos  ai)4l).084  miU>s  for  the  pohvr  mdhis,  which  is  J  mile  U»ss  than 
Bensors  ostluuUo,  uml  about  vV  «f  «^  »»li^^  l«s^  than  Clarke's  ostlmato  ftHJUi 
tho  results  of  tho  British  Oitilnanco  Survey.  It  aoi^oiHls  very  clo8eb%  how- 
ever,   as   wo   might  roiwouahly  have    antlciimtod,   with  tho  oUipticlty 

(ass  J  ^  doiluced  ftroui  |>ouduUuu  oxi>orluionts.  ♦ 


RnlaiioM  of  Oht^miu'dl  AJUnifjf  to  Lumithom  nml  Gosmeal  ISMrgi49,    Bjf 

PUny  KarU  Chtm,  LL,D, 

% 
% 

{Read  before  the  Aint^rioan  Philosophkal  6^»<iid^y,  ApHl  10.  1880,) 

All  tho  priuciples  which  t  havo  applied  success fVilly  to  tho  discovery  of 
harmouic  relations  of  cosmical  mass  and  dei\slty.  should  be  applicable  also 
to  the  discovery  of  similar  relations  of  molecular  mass  and  density,  and  to 
a  consequent  extension  of  our  knowleilsre  of  chemlc^il  physics.  The  appli- 
cation can  bo  made  most  properly  by  chemical  experts,  but  some  lndlc4\- 
tlons  of  the  methods  to  bo  pursued  may  be  acceptable,  even  though  they 
ci>me  fh>n\  one  who  makes  no  claim  to  any  special  chemical  experionco. 

In  185^;^,  Sir  John  Hei'schel  published  his  remarkablo  attribution  to  tho 
energy  of  the  Sun*s  n\ys,  '*of  almost  every  motion  which  tnkea  place  on 
the  surface  of  the  Earth.  By  lt«  heat  are  produced  all  winds,  and  thtxso 
disturbances  In  tho  electric  equilibrium  of  tho  atmosphei^o  which  glvo  rlso 
to  tho  phenomena  of  lightning,  and  probably  also  to  thtxso  of  terrestrial 
magnetism  and  the  aun)ra."f 

In  185(1,  Kt>hlniusch  found  that  the  mtlo  between  the  electrostatic  and 
the  electmn\agnetlo  units  was  appaivntly,  and  perhaps  exactly,  equivalent 
to  the  velocity  of  llghlj  (e^). 

In  l8lW,  I  found  that  tho  reaclh>n  of  gmvlty  to  the  ehvstlclty  and  ria  f«V»i 
of  atmiwpherlc  notation,  ftirnlshed  a  slniplo  method  for  approximately  estU 
mating  the  Sun's  dlstantn^  by  means  of  barometric  tluctuallons,g  and  begtm 
a  series  of  studies  of  cosmical  and  molecular  hainionles  which  are  depend- 
ent and  consequent  upon  general  kinetic  laws. 

In  the  year  following.  |  I  annouuceil  *Hho  discovery  of  certain  new  re- 
lations between  the  solar  and  lunar  diurnal  variations  of  magnetic  forco 

•  Kno.  Brlt>.,  Otb  eitUlon,  vU,  <MU. 
t  DutttnovS  of  Astronomy,  |  :^n). 
t  ro«»r.  Ann. 

I  rrtH\  Am.  Phil.  Sue.,  Ix,  4*7. 
lib.  t.\.4;2^ 
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and  of  barometric  prossuro/*  Bhowlng^  a  numorlcal  eqalyalence  between 
tidal  Attnictions  and  magnetic  disturbances.  In  1873.  in  his  ^'Electricity 
and  Magnetism*'  (vol.  ii,  p.  137),  Mixwoll  sugfi:o!!*tod  the  tidal  hyp(»thesis, 
apparently  without  knowing  that  I  had  already  adopted  it  and  adduced 
evidence  to  sustain  it. 

In  1875.  I  showeil  that  analogues  of  Ohni*8  law  are  operative  in  General 
Physics,  Electricity,  Chemistry,  and  Cosmogony,  and  that  MaxwolPs  de- 
ductions, when  combined  with  my  theoretical  assumptions,  led  to  the 
ratio  :    Earth*8  mass  :  8un*8  mt\8S  :   :  1  :  827710. ** 

Prof.  Robert  B.  Wanler  has  lately  called  my  attention  to  the  fact  that 
the  co-eftlclents  of  elasticity  seem  to  lend  some  conflrmalion  to  Mendele- 
Jeff 's  and  Meyer's  hypiitheses  of  periodical  chemical  Ainctlons,  and  thus  I 
have  been  induced  to  look  for  farther  chemical  illustrations  of  the  unlver- 
Bal  influence  of  luminous  undulations. 

In  the  general  equation  of  absolute  measure,  t<  =:  F  {l,  m,  0> 

u,  it  m  and  t  represent,  respectively,  units  of  velocity,  length,  mass  and 
time. 

In  Mechanical  measure,  the  dimensions  of  the  unit  of  force  (k),  which, 
in  unit  of  time,  communicates  unit  of  velocity  to  unit  mass,  are  I  mt~*. 

In  Electrostatic  measure,  the  unit  of  quantity  (c),  which  repels  an 

eqU'U  quantity  at  unit  distance  with  unit  forc-3.  is  I]  m^  t-^. 

In  Mignetic  measure,  the  unit  of  quantity  (/i),  or  strength  of  unit  pole, 

is  also,  <]  m^  t  ^ 

Kohlrausch's  equation,  fi  i-=  1 1-^  rjz  « .,  has  been  subsequently  investi- 
gated by  Weber,  Thomson,  Maxwell,  and  Perry  and  Ayrton,  each  succes- 
sive examination  inoreiislng  the  probability  that  the  electric  dimensional 
value  of  n  -^  is  precisely  equivalent  to  the  velocity  of  light. 

If  we  adopt  for  our  mechanical  unit,  the  maximum  energy  of  gravita- 
tion In  the  solar  system,  we  get  the  following  equation  : 

g  :=ilmt-^  =  mut-^^ A 

The  units  of  Electrostatic  and  Magnetic  measure,  both  give  the  equation  : 

«'  fit*   r*  =  mtt.  m  *i* B 

From  these  dimensional  equations  the  value  of  the  unit  of  absolute  mo- 
mentum (m^/),  is  readily  deduced.    If  we  multiply  (A)  by  the  Identical 

equation  t  =  t,  and  (B)  by  the  equation  of  orbital  velocity  (v  =  m^  I'H), 
we  get       gt  z=mu=:mv. • ....C 

c9  -=  mu  =  mv. D 

fxv  =  mu  =  mv. E 

Under  the  guidance  of  forei^olng  investigations  I  And  the  following  in* 
terpretatlon  for  this  equivalence. 
The  centre  of  gravity  of  the  solar  system  has  a  locus  of  secular  range 

•  lb.  xlv,  fl07— 9. 

tBubstltutlng  r  Ibr /,  the  equations  (;  =     ,^  nnd  r   ^  ^''^•,  Kivo  i'zj:  ,„'i»|-*'^. 


relaUvely  to  Sun's  centra,  nearly,  and  per)m()s  exactly,  equivalent  to  8un*8 
diameter,* 

The  two  controIUn^)^  bi^ios  of  the  syatom.  Sun  and  Jupiter,  are  of  nearly 
e<iual  donaity,  and  their  conire  of  gravity,  which  Is  also  the  centre  of 
l^reatost  relative  stability,  has  a  locus  of  relative  secular  range  about  equlva- 
lent  to  ^  of  Sun's  diameter,  its  secular  |>erihellon,  or  locus  of  primitive 
rupture,  l>elng  at  Sun*s  surface.  The  gravitating  motions  beyond  the 
limUji  of  the  system,  and  the  tethoretU  motions  at  all  ^K>lnts,  should  be  re- 
ferred to  the  centre  of  greatest  stability  ;  but  as  we  approach  that  centre 
the  gravitating  tendencies  towanls  Suu*8  centre  become  more  and  more 
pre|K>nderatlng.  The  gnwllatlng  motions  are  greatest  at  Bun's  surfisice, 
vfhere  solar  gmvity  (j/q),  Is  27.8;)  times  as  great  as  terrestrial  BUi)erflclal 
equatorial  gravity  (^j).  In  solar  roUvtlon,  the  particles  are  subject  to  con- 
tinual (ethereal  and  grtivltatlng  forces,  referable  to  the  centre  of  stability 
and  to  Sun's  centrt\*  respectively. 

Projecllle  velocities  at  Earth's  surfkce,  may  l)e  represented  either  by  gt 
or  by  V  ff^  ^  being  ^  the  time  of  tlight  and  h  being  twice  the  virtual  rise 
or  5^11.  Heasonlng  tVom  analogy  we  may,  therafore,  presume  that  f,  in 
equations  A«  B  and  C,  represents  i  solar  rotation,  I  represents  the  height 
of  a  homogeneous  tethereal  atmosphere,  at  Sun's  surface,  which  w*ould  have 
a  wave-velocity  equivalent  to  that  of  light,  and  m  represents  a  mimmnm 
nMhiUt  or  constituent  molecule.  These  conditions  are  all  satisfied  by  the 
values,  solar  nitatlon  —  2:^.480  dys ;  t  —  13.743  dys.  —  11001)85  sec; 
^l  =  688.815  \  g'n  I  =-  uuhIuIus  of  light  =-  -  (088.815 )«  r  ~  3306.5  Earth^s 
seml-axls  mtv|or  z.z  78.64  Neptune's  seml-axls  miOon 

An  tethereal  sphere,  rotating  with  velocity  y'gr  at  8un*s  surface,  would 
have  e .  at  688.815  r.  If  mti  =^  p>  In  both  ci\ses,  the  densities  would  be  in- 
versely as  the  distances.  In  a  condensing  or  exi)andlng  nebula,  the  nucleal 
radius  varies  m  the  )  (K)wer  of  the  atmt^pherlc  or  Laplace  limiting  rtullus, 
and  in  an  elastic  atmosphere  the  density  varies  geometrically,  with  an  ex- 
ixaient  Inverse  to  the  arithmetical  variation  of  the  distances  or  to  the  square 
of  arithmetical  variation  or  ti»  ttm  of  rotation.  Sun's  mean  distance  is 
93a05.4  terii>strlal  radii,  and  38805.4  r  -♦-  (J}'»  of  688.815  --  60.88  r,  which 
is  the  value  of  Moon's  semi-axis  mi\jor,  as  found  by  the  limiting  tlmemtlo 
of  terrestrial  rotation  to  satellite  revolution,  f 

The  tendency  of  all  movements  in  elastic  media,  either  to  complete  or  to 

harmonic  synchmnlsm,  should  IntriKluce  some  simple  relations  of  chemical 

vi$  eie<i  to  vi$  vita  of  terrastrlal  motion.     The  law  of  Dulong  and  Petit, 

with  Clauslus's  modifying  substitution  of  the  square  of  the  molecular 

tri>' 
velocity  for  the  8iH»ciflo  heat,  may  be  expressed  by  the  equation     .    :^  C, 

in  which  ir  represents  the  atomic  weight,  e  the  molecular  velocity,  accord- 
ing to  the  kinetic  theory  of  gt\ses,  and  t  the  absolute  tcmperalui'e.     Sliu^ 

*  From  <i  i>Woi'i  oansUi«rutti)ns  I  um  tiicUued  to  think  that  the  accorUanoe  )• 
exnot. 
t  Proc  Am,  rhll.aoc.  xlx,  0. 
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tho  terrostrial  movoments  arc  either  indopendont  of  the  absolute  tempera- 
ture,  or  standing  in  unknown  relations  to  it,  tlie  simplest  evidence  of 
equivalent  vi9  vha  should  bo  souj;ht  at  some  speciflc  tempomture,  and  in 
the  most  typical  and  most  widely  diffused  gases.  We  have  already  seen 
that  the  universal  typical  liquid,  ll.p»  furnishes  data  for  a  ready  determi* 
nation  of  Joule  s  equivalent,  at  the  mean  temi>erature  of  solidlflcation 
(3°C  =  85^.6  F);  lot  us  examine  the  constituent  typical  gases  (il,0)  at  the 
same  temperature. 
According  to  Clausius,*  the  mean  velocities  of  the  molecules  are : 


Oxygen. 
Hydrogen, 


At  0°C. 

461  m  =  1514  ft. 
1844  m  =  0050  ft. 


At  a°c. 

464.4^  =  1535.1  ft. 
1857.6  m  =  6094.  a  ft. 


Earth's  equatorial  velocity  of  rotation  (1535.78  ft.)  accords  with  tho 
molecular  velocity  of  oxygen ;  its  velocity  of  revolution  is  16  times  the 
velocity  of  hydrogen.  If  w^  represents  the  atomic  weight  of  any  perfect 
gas  n,  the  velocity  at  3°C  may  be  found  by  the  equation  i 


•»  = 


4«^ 


n 


The  mean  molecular  velocity  of  oxygen  and  hydrogen  (8048.7),  is  to 
Earth's  orbital  velocity,  as  tho  square  of  the  time  of  fall  to  the  centre  firom 
any  distance  d,  is  to  the  square  of  the  time  of  orbital  revolution  at  (i. 

The  following  comimrison  with  the  rt^sults  of  Cornu's  and  Miohelson*s 
experimental  determinations  of  the  velocity  of  light,  and  with  my  own 
estimation  of  Bun's  mass  and  distance  fVom  the  explosive  energy  of  H;,0,f 
will  show  the  closeness  of  agreement  between  tho  chemical  and  other 
physical  approximations. 


Bun's  Distance. 

Velocity  of  Light. 

Chase,  H^O 

03,639,500  miles, 

186,090  miles  —  399,470  km. 

Michelson, 

93,748,000      •* 

186,800     *«      =390,830  '« 

Chase,  H 

93,756.000      " 

186,830    **      —  ?90,850  *• 

••       HO 

93,808,000      *V 

186,430    •*      —800,000  ** 

•«       0 

03,849,000      ** 

186,510     **      --800,150  ** 

Cornu, 

93,803,000      •* 

486^430    •*      —800,000  " 

It  may  be  interesting,  in  this  connection,  to  give  two  additional  illustra- 
trations  of  the  tendency  to  harmonic  wave  lengths  in  elementary  spectra, 
of  which  I  have  already  presented  many  evidences,  t 

If  we  take  rt=  j,}.-,  we  find  that  Vogel's  wave- lengths, §  of  the  ultra- 
violet  lines  in  the  spectrum  of  hydrogen,  are  strictly  harmonic,  as  will  be 

•  Phil.  Mnsr.,  1857.  xlv,  124. 

t  Proo.  Am.  Phil.  Hoc.  1872.  xll,  80». 

t  Proo.  Am.  Phil.  Soc,  xvll.  lOfr-ia,  29.)-30l ;  xvlll,  234-0. 

I  Photographlo  News,  February  20, 1880. 


»wn  by  tho  following  Ubl<»,    Column  T  contains  thcorcUciil  Iwrmonio 

Wftvelcngllis ;  V  conuins  Vogt>r8  mct^un'ments : 

T  V 

«    80(VS.4  -.   1  '  "^  80«vS.4  8tt«8 

,t    mHl8.4  {-  (I  +  CI  »)    :^:  Jk^8«.0  Ji887 

r    Z\^mA  ^^  (I  +  10  H)  -^  mHa.9  38tU 

^    89(»,4  -{-  (l  +  KH  H)  =^t  a7i)5.a  37i)5 

«    8»«S.4  ^  (I  -f  15  H)  ^  8T70»  8770 

Tho  divisors  G^  :^:  1  +  0  hj  T  -- ^  +  10  »;  olc)  give  Uw  following 
proiH^riions : 

^-m  :  «^i :  :  meiMi  f»r»  of  rotation  :  Equatorial  f«f.  of  rottUion. 
*-r  •  *-^  »  •  w»ivc  f.f»  :  molecuUir  c.r. 

If  wo  lake  H  -  -  i^>  Pimlxow^s  oxygen  lines  ♦  (P)  are  also  nearly  har- 
monic (Tj), 

003  4-    I  ^r  C03»  003*  00J» 

«0d  1-  (I  +  «)  =:  5557  558.3  558.3 

003  ♦-  (l  +  3  H)  t^  516.  610.3  510. 

603  \'  (I  4-  8  w)  -r  481,6  481.1  48h 

603  ^   (I  +  4  H)  —  451.5  453.8  453. 

Tho  numbers  in  ei>lumn  T,  are  also  harmonic,  if  we  take  h  -- ,  Jy. 


Siiii^l  Hiding^  May  7,  1880, 

Prejiont^  15  iiionibers* 

Pi'osiilont,  Wt.  Pralby,  \\\  tlio  Chair. 

Letters  aooepthijf  momb^rsliip  wore  received  fix>m  Afr. 
Ellis  Yarnall,  dated  106  S.  Front  Streot.  Philadelphia,  April 
21,1880;  Dr.  Austin  Flint,  Jr.,  New  York  City,  14  Wa^t 
88d  Street,  April  21;  U\\  Joseph  0.  Fraley,  18^3  Pino 
Street,  Philadelphia,  April  22;  Mr.  Homoo  Ilowanl  Fair- 
ness, 222  West  Wiv^^hington  Square,  Philadelphia,  April 
24;  Rev.  George  Dana  Hoanlman,  8815  Walnut  Stixn^t,  West 
Philadelphia,  April  20;  Mr.  J.  Vaughan  Nterriok,  Phila- 
delphia, April  27 ;  Mr.  Wm.  B.  Rogei^,  Jr.,  1000  Walnut 
Street,  Philadelphia,    April  27,  and  Mr.  0.  P.  Pattei^on, 

•  Moni\t«b«r,  dor  K.  Akmt.  «u  HorUn,  Ht»|it.,  iVt.,  187$, 

ruoc.  AMKR.  riiii.os.  sor.  xix.  107.  n.    ruiNTRU  arNR  3,  1880, 
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U.  8.  Coast  and  Geodetic  Survey  Office,  Washington,  D.  C, 
April  21. 

Letters  of  acknowledgment  were  received  from  L.  Riite- 
meyer,  Basel,  May  20,  1880  (100,103) ;  Society  of  Antiqua- 
ries, London,  April  23,  1880  (103,  104);  R.  Astronomical 
Society,  London,  April  15, 1880  (103, 104) ;  Victoria  Insti- 
tute, London,  April  10,  1880  (103,  104) ;  Royal  Society  of 
Edinburgh,  Sep.  1879  (102) ;  New  Hampshire  Historical 
Society,  Concord,  May  3,  1880  (105);  Essex  Institute, 
Salem,  May  3  (105) ;  Xew  York  Historical  Society  (105) ; 
New  Jersey  Historical  Society,  Newark,  May  3  (105); 
Numismatic  and  Antiquarian  Society  of  Philadelphia,  May 
3  (105),  and  Mr.  Henry  Phillips,  Jr.,  Philadelphia,  April 
29  (105). 

Also,  Postals  acknowledging  the  receipt  of  Proceedings 
No.  105  were  received  from  the  Museum  of  Comparative 
Zoology,  Cambridge  ;  Mr.  Alex.  Agassiz,  Cambridge;  Yale 
College  Library,  New  Haven  ;  the  Astor  Library,  and 
American  Ethnological  Society,  New  York ;  Prof.  J.  J. 
Stevenson,  New  York  ;  Historical  Society,  Philadelphia ; 
Dr.  T.Green,  Easton  ;  Mr.  Wm.  B.  Taylor,  Washington; 
Dr.  Robert  Peter,  Lexington,  Ky. ;  University  of  Cincin- 
nati, Ohio,  and  the  State  Historical  Society  of  Wisconsin, 
Madison. 

Letters  of  Envoy  were  received  from  Dr.  Geo.  Engel- 
mann,  dated  St.  Louis,  April  24,  1880,  and  the  Depart- 
ment of  the  Interior,  Washington,  April  29,  1880. 

A  letter  requesting  some  numbers  of  the  Proceedings 
was  received  from  the  "  Verein  fiir  Erdkunde  "  of  Dresden, 
and  was  referred  to  the  Secretaries  with  power  to  act. 

Donations  for  the  Library  were  received  from  the  Gover- 
nor General  of  India;  Editor  of  the  Zoologische  Anzeiger, 
Leipsig  ;  Dr.  Hugo  Von  Meltzel ;  R.  4'Ccademia  dei  Lincei, 
Rome;  Editor  of  the  Revue  Politique,  Paris;  Societe  de 
Geographic  Commerciale,  Bordeaux  ;  Real  Acaderaia  de  la 
Historia,  Madrid  ;  Royal  Astronomical  Society,  and  Editors 
of  Nature,  London  ;   Royal  Society  of  Edinburgh ;   Essex 
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Institute,  Salem,  Mass. ;  Boston  Society  of  Natural  History ; 
Museum  of  CkMuparative  Zoology,  Cambridge;  American 
Antiquarian  Society,  Worcester ;  American  Journal,  New 
Haven ;  American  Chemical  Society,  N.  Y. ;  llistori- 
cal  Society,  Numismatic  and  Antiquarian  Society,  Frank- 
lin Institute,  American  Pharmaceutical  Association,  Edi- 
tors of  the  Medical  News,  and  Journal  of  Pharmacy,  and 
Mr.  Henry  Phillips,  Jr.,  Philadelphia;  Dr.  Albert  S.  Gat- 
schet,  Wjishington ;  Johns  Hopkins  University,  and  Editors 
of  the  Journal  of  Mathematics,  Baltimore:  l)ei>artment  of 
the  Interior,  Washington;  University  of  Virginia;  Editor 
of  the  American  Antiquarian,  Chicago;  Dr.  Geo.  Engel- 
mann,  St,  Louis,  and  the  Ministerio  de  Fomento,  Mexico. 

Mr.  Moncui^  Robinson  in^ad  a  biographical  memoir  of  the 
late  Michel  Chevalier. 

Mr.  Henry  Philli^^,  Jr.,  presented  for  the  Proceedings  a 
paper  by  Prof.  E.  D.  Cope,  entitled,  "  Second  Contribution  to 
the  History  of  the  Vertebrata  of  the  Permian  Formation  of 
Texas." 

Pending  new  nominations  Nos.  904  and  909  to  916  were 
read. 

The  Committee  on  the  Michaux  Legacy  reiX)rted  that  the 
portrait  of  F.  A.  Michaux  had  been  copied,  and  that  it  was 
now  in  the  room  for  the  insj>ection  of  the  members.   ' 

Mr.  Fmley  reported  the  i^ecoipt  of  the  last  quarterly  inter- 
est on  the  Alichaux  Legacy,  amounting  to  $182.42. 

The  President  suggested  the  dcvsimbility  of  the  Society's 
now  placing  on  its  walls  a  portrait  of  Dr.  Wood,  deceased, 
the  late  President  of  the  Society. 

On  motion  of  Mr.  J.  S.  Price  it  was  resolved,  that  a  copy 
should  be  made  for  the  Society,  under  the  charge  of  the  Hall 
Committee  and  the  Curators. 

The  President  reported  that  he  had  selected  a  delegation 
from  the  Society  to  repre^^ent  it  at  the  approaching  Centen- 
nial of  the  American  Academy  of  Art*  and  Sciences  in  Bos- 
ton, and  that  six  of  those  so  appointed  had  signified  their 
acceptance  and  would  act  in  that  capacity. 

And  the  meeting  was  adjourned. 


Robinson.]  28  [May  7, 

Obituary  notice  of  Michel  Chevalier.    By  Moncure  Robinson, 
(Read  before  the  American  Philosophical  Society,  May  7,  1880.) 

I  come  before  the  Society  for  the  first  time  for  many  years,  in  discharge 
of  a  duty  devolved  on  me  by  you,  the  discharge  of  which  revives  in  me 
many  recollections  both  pleasant  and  painful.  The  eminent  political 
economist  and  statesman  of  whom  you  have  requested  me  to  prepare  an 
obituary  notice,  was  not  only  a  member  of  our  Society,  but  one  of  my 
oldest  and  most  attached  friends,  one  whom  I  have  known  intimatel}'^  for 
nearly  half  a  century,  and  for  whom  my  affection  and  admiration  steadily 
increased,-  from  the  period  of  our  first  acquaintance,  to  the  day  of  his  death. 
It  is  not  remarkable  that  it  should  have  been  so,  for  Mr.  Chevalier  was  a 
man  of  heart,  as  well  as  head,  whose  whole  life  was  devoted  to  the  service 
of  his  country  and  his  fellow  men,  and  one  who,  whilst  undemonstrative 
and  apparently  cold  on  a  first  acquaintance,  was  unusually  benevolent  and 
kind  in  his  nature,  and  capable  of  the  warmest  attachments  for  those  whom 
he  thought  possessors  of,  and  appreciative  of,  such  qualities. 

You  will  be  curious  to  know  something  of  the  early  youth  of  such  a  man, 
and  it  is  a  gratification  to  me,  to  be  able  to  give  it  to  you,  in  some  detail. 

Mr.  Chevalier  was  born  at  Limoges,  chef  lieu  of  the  department  of  the 
Haute  Vienne,  the  13th  of  January,  1806.  He  was  the  eldest  son  of  Jean 
Baptiste  Chevalier  and  of  Marie  Gurand,  both  natives  of  Limoges.  They 
had  four  other  sons,  Auguste,  Emile,  Martial  and  Gustave,  of  whom  the 
first  three  made  their  names  known,  both  in  their  native  country,  and  other 
lands  ;  the  first  as  Secretary  General  of  the  Presidency,  in  the  days  of  the 
second  Republic  of  France,  from  November,  1849  to  1852 ;  the  second  as 
a  higlily  educated  and  accomplished  military  and  civil  engineer,  known  to 
many  of  the  citizens  of  Philadelphia  more  than  forty  years  ago,  when  he 
commenced  the  practice  of  his  profession  as  an  assistant  engineer,  on  the 
Philadelphia  and  Reading  Railroad,  then  under  construction,  and  who  has 
since  continued  this  career  both  in  Europe  and  America,  and  been  occa- 
sionally occupied  in  missions  of  his  government  in  England,  and  on  the 
Istlimns  of  Panama  ;  the  third,  Mr.  Martial  Chevalier  of  the  French  Con- 
sular Department,  who  was  for  several  years  (within  the  last  ten)  the 
Consul  General  of  France,  at  Quebec,  and  afterwards  at  Havana.  I  had 
not  the  advantage  of  a  personal  acquaintance  with  the  father  of  these  gen- 
tlemen, who  at  the  time  that  his  distinguished  son,  Mr.  Michel  Chevalier 
was  making  the  name  an  honored  one  throughout  the  world,  was  only  a  small 
commert^ant  at  Limoges,  and  confined  there  constantly  by  his  occupations  ; 
but  I  had  the  pleasure,  during  a  visit  to  France  in  1837,  of  seeing  often  the 
mother  of  Mr.  Michel  Chevalier,  and  his  devoted  sister  Pauline  (afterwards 
Madame  Moroche),  and  I  then  learned  the  secret  of  his  rapid  rise  in  public 
estimation  as  a  writer  an4  statesman.  But  T  am  proceeding  too  rapidly, 
and  must  go  back  a  little,  and  redeem  my  promise  to  tell  you  something  of 
an  earlier  period. 

The  boy  Michel  Chevalier  entered  as  a  boarding  pupil  the  College  of 
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Limoges,  at  the  age  of  eleven,  and  made  the  most  br'lliant  progress  in  his 
studies.  He  bore  off  nearly  all  the  prizes  in  his  classes,  from  the  day  of  his 
entrance  in  this  institution.  He  was  equally  distinguished  in  both  the 
literary  and  scientific  classes,  but  most  remarked  on,  tor  his  attainments  in 
mathematical  science.  His  taste  and  aptitude  for  the  last,  enabled  him  to 
undergo  earlier  than  usual,  the  examination  for  the  Polytechnic  School  at 
Paris,  which  he  entered  in  the  month  of  November,  1823,  at  the  age  of  17, 
one  of  the  first  in  the  list  of  candidates  for  admission  of  that  year.  At  the 
end  of  1825,  he  left  the  Polytechnic  School,  equally  remarkable  for  his  at- 
tainments in  it,  as  at  the  Lycee  of  Limoges,  to  enter  as  EVete  Ingenieur  in 
the  School  of  Mines.  In  1829,  he  obtained  his  degree  of  Engineer  of 
Mines,  and  was  sent  as  Resident  Engineer  to  the  important  department  of 
Valenciennes. 

Had  the  ambition  of  Mr.  Chevalier  been  only  professional,  he  would, 
with  this  starting  point,  have  probably  been  like  his  distinguished  contem- 
porary, Mr.  Le  Play  (the  Commissioner-in-Chief  of  the  Great  Paris  Expo- 
sition of  1867),  at  an-  early  age,  one  of  the  eminent  members  of  the 
profession  of  Mining  engineers  in  Europe ;  but  his  reading  and  researches 
both  in  the  Polytechnic  School  and  School  of  Mines,  in  Paris,  had  gone 
far  beyond  the  curriculum  of  studies  in  those  institutions,  comprehensive 
as  that  was,  and  including  as  it  did  every  thing  pertaining  to  the  subjects 
taught  in  them.  The  quick  intellect  and  remarkable  memory  of  Mr.  Cheva- 
lier enabled  him,  during  the  six  years  of  study  at  these  grand  institutions, 
the  chairs  of  which  were  then  filled  by  world-renowned  names,  to  spare  time 
for  outside  reading  and  research,  as  well  as  the  preservation  of  the  early 
classical  lore  and  polite  learning  imbibed  by  him  at  the  Lyceum  of  Limoges  ; 
and  his  tastes  were  for  everything  useful  and  ornamental  to  our  race,  but 
especially  for  the  useful,  and  what  would  add  to  the  comforts  of  and  elevate 
the  masses. 

The  revolution  which  dethroned  Charles  X.  and  made  Louis  Philippe 
King  of  the  French,  which,  in  the  language  of  General  Lafayette,  **  made 
France  a  Monarchy  with  republican  institutioQn,"  took  place  in  the  follow- 
ing year  (1830).  Many  now  living  among  us  must  recollect  the  excitement 
throughout  the  civilized  world,  which  followed  this  change.  It  M'as 
naturally  excessive  in  France,  and  it  is  not  remarkable  that  at  such  a  time 
minds  of  the  highest  order  with  corresponding  aspirations,  were'  most  pro- 
foundly agitated.  Mr.  Chevalier  in  his  various  reading  liad  been  attracted 
by  the  writings  and  doctrines  of  St.  Simon,  in  which  at  the  commencement 
there  was  much  to  attract,  as  well  as  to  find  fault  with.  There  was  noth- 
ing like  communism  in  them,  but  the  reverse.  The  leading  maxim  of  St. 
Simon  was,  •*  To  every  one  according  to  capacity,  and  to  eoery  capacity  ac" 
cording  to  ite  works/*  siud  it  is  not  surprising  with  sucti  a  motto  on  its  l>anner, 
that  St.  Simonism  should  have  found  among  its^  votaries,  young  minds  of 
the  highest  ability  and  culture,  and  especially  those  who,  like  Mr.  Cheva- 
lier, believed  that  the  a^lvancement  of  France  in  wealth  and  prosperity, 
would  be  greatly  and  rapidly  promoted  by  improved  lines  of  communica- 
tion, especially  by  a  well -arranged  system  of  niilroads,  and  more  freedom 
of  trade  than  cx'sted  previous  to  the  revolution  of  18W. 
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So  it  was,  that  Mr.  Chevalier  and  other  distingnisbed  pupils  of  the  Poly- 
technte  School,  and  the  Schools  of  Bridges  and  Highways,  and  Mines,  he- 
came  in  1830  St.  Simonians,  and  he  one  of  the  leaders  of  the  sect  and 
editor  of  the  Olobe,  its  organ,  until  its  suppression  by  the  govemmeBt  ia 
1832,  when  Mr.  Michel  Chevalier  as  its  Redacteur-en-C/ief,  was  condemned 
to  Imprisonment  for  a  year,  from  which  he  was  released  at  the  expiration 
of  six  months,  and  immediately  appointed  by  Mr.  Thiers,  then  Minister  of 
Public  Works  (who  had  not  forgotten  in  the  St.  Simopian,  the  young  and 
talented  Engineer  of  Mines  of  the  Department  of  the  North),  to  visit  the 
United  States,  to  inquire  minutely  as  to  its  canals  and  railroads,  and  the 
financial  and  banking  systems,  both  of  the  States  and  the  General  Govern- 
ment. 

In  this  mission,  including  a  visit  of  a  few  months  to  Mexico,  Mr.  Che- 
valier occupied  about  two  years  in  1833,  '34  and  *35  ;  and  during  his  travels 
in  the  United  States,  he  addressed  to  the  Journal  Des  Debats,  from 
different  points  on  his  route,  frequent  letters,  beautifully  written,  exhibit- 
ing large  reflection,  both  on  the  subjects  of  his  mission,  and  others  of  equal 
interest,  and  indicating  with  great  tact  many  industrial  hindrances  in  his 
native  country,  which  he  considered  burdensome.  These  letters,  with 
some  slight  changes,  were  published  in  183C,  in  two  octavo  volumes,  and 
gained  him  immediately  the  spontaneous  plaudits  of  eminent  men  of  both 
continents,  and  a  high  reputation  among  the  writers  and  thinkers  of  Europe. 
Mr.  Gallatin  said  of  them  that  they  were  the  most  graphic  and  truest  view 
of  the  social  condition  of  the  United  States ;  and  the  great  Humboldt  wrote 
to  him  that  his  book  might  be  considered  a  treatise  on  the  civilization  of 
the  people  of  the  West.  He  was  indebted  to  this  work  for  an  appointment 
by  the  French  government  on  a  mission  to  England,  in  1837,  to  study 
there,  the  causes  and  effects  of  the  commercial  crisis,  which  commencing  in 
the  United  States  at  the  close  of  1836  had  extended  to  England  in  1837. 
This  mission  proved  an  unfortunate  one  for  him.  A  few  days  after  his  ar- 
rival in  London,  in  returning  from  a  session  of  Parliament  with  Mr. 
Bourqueney,  the  then  Charg4  d' Affaires  of  France  to  England,  in  the  car- 
riage of  the  latter,  the  horses  ran  away  and  upset  the  carriage.  Mr.  Bour- 
queney was  but  slightly  injured  by  the  accident,  but  Mr.  Chevalier 
having  fallen  on. his  head,  was  taken  at  once  to  the  house  of  the  French 
Minister,  was  for  several  days  insensible,  and  his  life  for  some  weeks  in 
serious  peril ;  and  it  was  only  after  passing  several  months  in  the  south  of 
France,  and  at  the  Pyrenean  Baths,  that  his  health  was  sufliciently  re-es- 
tablished to  admit  of  his  resuming  his  labors. 

At  the  expii-ation  of  a  year  from  his  recovery,  near  the  close  of  1838,  he 
published  his  celebrated  work,  entitled  "  The  Material  Interests  of  France, 
its  Roads,  Canals^  and  Railroads.'*  This  work  was,  to  a  great  extent,  a 
programme  of  ameliorations,  many  of  them  suggested  by  him,  soon  to  take 
place,  and  which  made  the  France  of  1850  scarcely  recognizable  by 
travelers  who  had  known  well  the  France  of  1840. 

Such  had  been  the  brilliant  and  useful  career,  and  such  was  the  position 
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of  Mr.  Chovaller  In  the  winter  of  ISftH-JJO,  wlion  ho  was  scarcely  thlrty- 
thn>e  yetirs  of  ago.  Honors  and  distinctions  wore  tlion  bestowed  on  him 
rapidly.  Appointed  •*  Master  of  Uequests'*  in  1830,  ho  beciuue  successive- 
ly Counsellor  of  State,  member  of  the  Superior  Council  of  Commerce, 
Chief  Engineer  of  Mines,  and  In  1841,  at  the  age  of  ^,  8UC(H)ssor  of  the 
celebrated  Rossi,  as  Professor  of  Politiail  Economy  In  the  College  of 
France.  No  ap|)olntment  could  have  been  more  gratifying  to  Mr.  Cheva- 
lier than  this.  His  lectures  were  to  bo  on  subjects  familiar  to  him,  to  which 
his  thoughts  had  been  given  f^om  the  time  of  his  entnmoo  in  the  Polytech- 
nic Soiiool,  and  It  was  a  labor  of  love  to  him  to  pre))are  and  deliver  them. 
Though  the  recipient  since  of  many  distinctions  and  honors,  among  them 
that  of  Si'nator  of  Fnince  in  1860,  and  charged  with  corresponding  duties, 
and  obliged  occasionally  to  devc5lvo  on  a  substitute  his  duties  as  professor* 
he  ocmtinued  to  hold  the  Professorahlp  of  Politlcnl  Economy,  In  the  College 
of  Franco  until  his  death,  with  the  exception  of  a  brief  period  after  tiie 
Revoluthm  of  1848,  when  ho  >vi\8  deprived  of  his  chair  by* the  Provisional 
government  of  the  day,  but  which  was  restored  to  him  In  the  course  of  a 
few  months  by  a  vote  of  the  National  Assembly. 

Mr.  Chevalier,  though  eminent  as  a  Polltlc4U  Economist  and  Publicist, 
and  zealous  always  In  promoting  what  he  believed  to  bo  the  Intorosts  of 
his  country,  wtis  In  no  sense  a  party  man.  Ho  was  an  admirer  of  Mr. 
Thiers,  and  an  attached  friend  of  Count  MoU^,  successive  Mlnlsiera  of 
Louis  Philippe,  but  he  had  no  dltHculty  In  oi)poslng  Important  measures 
rcctnumended  by  them  as  Ministers,  of  which  ho  did  not  appi*ove ;  and  ho 
manifested  signally  in  1870  his  Independence  when  ho  stood  In  the  Senate 
Cluunber  almost,  If  not  altogether  alono,  In  voting  agiiinst  the  Prussian 
War.  When  In  France  In  1807,  on  hearing  his  name  mentioned  as  a  man 
of  pre-eminont  ability  by  a  gentleman  of  influence  In  the  Orleanist  Party, 
and  bearing  one  of  the  renowned  names  of  France,  I  was  tempted  to  ask 
how  it  came  to  pass  that  Mr.  Chevallor  luul  not  been  in  the  Cabinet  of  either 
Louis  Philippe  or  Louis  Napoleon.  His  reply  was  simply "**i(  traverM 
trap  son  chemifi^**  showing  that  In  Empires  and  Monarchies,  tis  In  tho 
United  States,  those  who  would  bo  ctiblnet  olUoors  and  dispensers  of 
government  patrtmago,  must  give  up  to  a  greater  or  less  extent  their  Inde- 
IKndenco  of  opinion,  which  conscientious  and  roally  able  men  cannot 
readily  surrender. 

Mr.  Chovaller  was  elected  In  1845  a  Deputy  of  tho  Deimrtment  of  tho 
Avoyrtm,  and  during  the  stime  year  w»\s  married  to  Mile.  Emma  Fournier, 
a  highly  eduoited  and  accomplished  ytmng  lady,  tho  only  daughter  of  a 
large  and  wealthy  manufacturer  of  Lod^ve  In  tho  De^mrtment  of  tho 
Hcrault ;  and  in  1851  ho  was  elected  a  member  of  tho  Institute  of  France, 
in  the  De|H\rtment  of  Moral  and  Politlci\l  Sciences. 

He  had  thus  attained  at  the  rtu:e  of  45,  all  that,  If  a  selfish  or  merely  am- 
bitious man,  ho  cimld  have  desired.  With  an  ample  Income  ftH)m  the  hon- 
orable |K)sltions  held  by  him,  and  occasional  contributions  of  his  well-con- 
sldored  views,  on  subjects  of  public  Interest,  to  the  regular  perlodi<uUs  and 
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daily  press  of  Paris,  and  his  excellent  wife  (as  the  future  proved  lier  to  be) 
the  almosst  certain  inlieritor  of  a  large  estate,  there  was  every  temptation  to 
him,  laboring  as  he  did  under  the  disadvantage  of  a  very  delicate  constitu- 
tion, to  spare  himself  in  the  future  ;  but  his  mind  and  heart  were  of  that 
order  which  considers  nothing  done  whilst  anything  remains  to  be  done, 
for  his  country  and  humanity ;  and  he  regarded  the  advantages  attained  by 
him  in  the  prime  of  life,  only  as  stepping  stones  to  increased  usefulness. 

In  18o2,  as  Counsellor  of  State,  Mr.  Chevalier  was  placed  in  the  section 
of  Public  Works. 

In  1855,  he  acted  as  President  of  the  French  section  of  the  World's  Ex- 
position of  that  year  in  Paris ;  and  for  the  ten  years  between  1860,  in 
which  year,  as  above  observed,  he  was  made  Senator,  to  187v),  when  tlie 
Empire  ceased  to  exist,  he  took  an  important  part  in  all  discussions,  in  and 
out  of  the  Senate,  pertaining  to  financial  and  industrial  questions.  The 
most  signal  and  important  service  rendered  by  him  to  his  country  during 
this  i)eriod,  was  the  commercial  treaty  of  1860  between  France  and 
England.  Of  this  treaty,  his  son -in  law,  Mr.  Paul  Leroy  Beaulieu,  a  mem- 
ber of  the  Institute,  and  the  distinguished  Bedacteuren-Cfief  of  the 
Economiste  Franqaie,  in  the  number  of  that  Journal  of  the  6th  of  De- 
cember last,  says : 

**The  conception  of  the  treaty  of  1830  was  due  entirely  to  Mr.  Michel 
"Chevalier.  It  was  he  who  of  his  own  sole  motion,  without  any  official  mis- 
'*  sion,  went  to  England  to  see  Cobden  and  Bright,  to  propose  to  them  an 
"arrangement  in  this  way.  Cobden  had  at  first  some  hesitations.  A  treaty 
"  of  commerce  appeared  to  him  a  compromise,  contrary  to  true  economical 
"doctrines.  Mr.  Michel  Chevalier  converted  him,  and  then  addressed 
*•  himself  to  Mr.  Gladstone.  Assured  of  the  cooperation  of  the  English 
"Government.  Mr.  Chevalier  then  returned  to  France,  explained  his 
"  views  to  the  Emperor,  and  obtained  his  support  of  them.  Several  of  the 
"Ministers  of  that  date  were  nevertheless  opposed  to  a  step  so  decisive  in 
"the  way  of  commercial  liberty,  but  Mr.  Rouher  comprehended  the  great 
"  usefulness  and  productiveness  of  the  projected  treaty  of  Mr.  Chevalier. 
"  Thus  this  great  work,  the  treaty  of  1869,  which  marks  a  new  evolution 
**  in  the  economical  relations  of  nations,  was  in  its  principles,  as  well  as  its 
"  initiation,  a  private  one  due  to  the  inspiration  of  Michel  Chevalier  and  the 
"adhesion  of  Richard  Cobden.  Nearly  twenty  years  have  passed  upon  the 
"treaty  of  186),  twenty  years  which  will  be  counted  as  among  the  most 
"  agitated  of  History.  The'  War  of  Secession  of  the  United  Slates,  the 
"  War  of  1856,  the  French  and  German  War,  have  disturbed  the  conditions 
"  of  the  experiment  of  commercial  liberty.  Nevertheless,  in  spite  of  all  these 
•'disturbing  elements,  all  the  losses  of  capital,  and  all  the  uncertainties 
"which  have  during  this  period  been  the  consequence  of  these  great  in- 
"ternational  conflicts,  the  reform  of  1860  has  proved  to  be  a  beneficent 
'  *  one  ;  it  has  been  so  to  such  an  extent,  that  though  this  treaty  has  been 
"  denounced  for  nearly  ten  years,  nothing  has  yet  been  found  to  substitute 
"  it.     It  has  been  prorogued  from  year  to  year  without  the  power,  without 


18800  ^^  [Roblnaon. 

*<  daring  to  modify  it.    What  might  havo  boen  its  results,  had  the  expert- 
*'  ment  been  made  In  a  pcrioil  of  peace,  like  that  between  1815  and  1848?" 

It  was  certainly  due  to  this  treaty  wliich  had  been  so  effective  during 
the  previous  ten  years,  in  connection  with  her  adminible  system  of  rail- 
roads in  developing  her  resources  and  increasing  her  wealth,  that  France 
was  enabled  to  recover  so  mpidly  from  the  results  of  the  Prussian  War, 
and  to  exhibit  before  the  end  of  the  next  ten  ye^rs,  a  picture  of  prosperity 
surpassed  by  that  of  no  other  country  in  Europe. 

The  above  extract  fVom  the  Ecoi\onmt$  FranqaU  reminds  me  of  a  mis- 
apprehension in  this  country  of  the  views  of  Mr.  Ohevalier  on  the  subject 
of  fVee  trade,  which  I  will  avail  myself  of  this  opportunity  to  correct. 
The  visit  of  Mr.  Chevalier  to  the  United  States  in  1838,  had  the  effect  of 
modifying  very  materially  his  views  on  many  subjects.  Previous  to  this  visit, 
I  think  it  not  unlikely  that  the  great,  and  in  many  cases,  absurd,  hindrances 
in  France  in  the  way  of  exchangesi  both  at  home  and  with  other  countries, 
may  have  caused  him  to  have  entertained  extreme  fVee  trade  views ;  but 
Mr.  Chevalier  was  a  man  of  profound  reflection,  aiming  at  truth  on  that 
and  every  other  subject  to  which  his  thoughts  were  directed,  and  eminently 
practical  in  his  conclusions.  After  his  return  to  France  in  1835,  the  sub- 
ject which  first  occupied  his  attention  more  than  any  other,  was  that  of  im- 
proved communications  by  canals  and  railroads^  and  it  has  been  most  for- 
tunate for  his  country,  that  the  programme  of  these  given  in  his  great  work 
published  in  1838,  on  **Th6  MaUrial  Iniereats  of  France,**  was  so  closely 
followed.  lie  abhorred  the  idea  of  allowing  free  competition  to  the  extent 
admitted  in  England  as  well  as  in  America  in  canals  and  railroads,  believ- 
ing the  plan  of  giving  an  act  of  incorponUion  for  either,  to  any  association 
asking  it,  as  not  only  permitting  an  unnecessary  waste  of  tlie  capital  of  the 
country,  to  an  immense  extent,  and  destructive  of  a)nfldence  in  such  in- 
vestments, but  as  impairing  the  power  of  really  valuable  works  to  provide 
such  accommodations  for  the  public  at  fair  rates,  as  they  could  otherwise 
afford,  and  as  it  would  be  to  their  interest  to  give,  as  well  as  the  policy  of  the 
government  to  require.  He  believed,  in  short,  in  the  right  of  eminent  do- 
main being  used  only  in  the  case  of  improvements  of  decided  value,  and 
when  used,  in  the  rights  of  the  public,  being  in  all  cases  ctiref\illy  guarded, 
and  the  accommodations  of  the  improvement  afforded  at  the  lowest 
charges  consistent  with  a  fair  remuneration  to  its  owners  ;  objects  which 
could  not  be  united  under  a  system  of  fh3e  competition.  As  a  consequence 
of  the  adoption  of  these  views  by  his  countiymen,  there  is  no  country  in 
the  world  where  so  small  a  proportion  of  the  capital  invested  within  the 
last  forty  years  in  canals  and  railroads,  has  been  wasted,  or  where  traveling 
is  safer,  or  in  which  travel  and  trade  are  accommodated,  at  more  reasonable 
rates  than  In  France. 

It  was  impossible  for  one  entertaining  such  views  in  regard  to  improved 
communications  to  be  a  reckless  free  trader;  and  Mr.  Chevalier,  I  have 
reason  to  believe,  was  on  the  subject  of  international  commerce  as  conser- 
vative in  his  views,  as  he  was  in  regard  to  railroads  and  canals.  He  believed 
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in  the  adoption  of  protective,  duties  to  a  moderate  extent  for  nascent  indus- 
Jries,  as  in  a  patent-right  or  a  copy-right  for  a  limited  time,  for  the  protec- 
tion of  an  author  or  inventor,  and  in  the  propriety  of  such  duties  as  might 
be  necessary  to  keep  up  a  few  industries  essential  to  the  defence  of  a  coun- 
try in  time  of  war ;  but  beyond  this,  he  considered  the  protection  given  by 
a  tariff  based  on  revenue  principles,  all  that  was  justifiable  or  judicious. 
Practical  as  he  was  in  all  things,  I  have  little  doubt  that  his  preference  for 
an  arrangement  by  a  treaty  between  England  and  France,  instead  of  the 
action  of  the  legislative  bodies  of  the  two  countries,  was  founded  on  the 
idea  that  what  was  advisable  in  the  way  of  protection  for  each  country, 
might  best  be  effected  by  treaty. 

Mr.  Chevalier's  connection  with  governmental  affairs  ceased  with  the 
Empire  in  1870,  and  he  consecrated  himself  for  some  time  afterwards,  to 
his  duties  as  Professor  in  the  College  of  France,  and  as  member  of  the  In- 
stitute ;  but  his  taste  for  great  and  useful  enterprises  continued,  and  he  de- 
voted himself  in  1875,  with  his  accustomed  zeal,  to  carrying  out  one  of  his 
engineering  conceptions,  that  of  a  submarine  railroad  between  Calais  and 
Dover,  as  a  means  of  binding  together  more  closely  France  and  England. 
He  organized  during  this  year  a  society  for  the  purpose  of  making  examina- 
tions in  reference  to  the  work,  of  which  the  Messrs.  Rothschild  Brothers, 
and  the  railroad  companies  of  the  North,  were  members.  This  Society,  of 
which  he  was  the  initiator,  and  of  which  he  continued  until  his  death  the 
President,  obtained  of  the  government  a  concession  of  the  submarine  rail- 
road, and  Mr.  Chevalier  entered  on  the  examination  of  the  bed  o^  the 
Channel,  and  an  ascertainment  of  the  stmta  underneath,  with  that  ardor 
and  perseverance  which  were  parts  of  his  nature.  He  had  communicated 
with  me  as  an  old  friend  and  confrere,  when  he  first  conceived  the  idea 
of  the  work,  as  to  its  practicability,  and  sent  me,  from  time  to  time, 
lithographed  copies  of  the  soundings,  and  statements  as  to  the  character  of 
the  chalk  formations,  found  at  various  depths  below  the  level  of  the  sea,  on 
the  line  of  the  tunnel  on  both  sides  of  the  Channel,  which  up  to  the  time 
of  his  death,  were  highly  favorable.  But  the  events  in  the  East,  and  the 
condition  of  things  in  England  within  the  last  three  yeans,  have  prevented, 
so  far,  the  work  itself  being  entered  on,  and  it  may  not  for  some  time,  or 
perhaps  never,  be  executed  ;  but  if  it  should  be,  the  name  of  Mr.  Cheva- 
lier will  be  always  connected  with  it,  as  its  first  projector  and  promoter. 

This  and  other  plans  for  the  benefit  of  his  country  and  the  world,  occu- 
pied, I  might  say,  to  the  last  moments  of  his  life,  the  thoughts  of  Mr. 
Chevalier.  I  speak  knowingly  on  the  subject,  having  been  a  recipient 
during  his  last  and  fatal  illness  (after  it  had  progressed  to  the  point  that  he 
could  write  only  in  a  recumbent  posture),  of  eight  letters  in  less  than  six 
weeks,  in  which  the  submarine  tunnel,  and  other  subjects  of  public  con- 
cern, were  referred  to,  and  discussed  by  him.  In  onje  of  them,  he  speaks 
of  an  experiment  he  is  making  on  his  estate  in  the  South  of  France,  of 
growing  American  grape  vines  for  the  purpose  of  engrafting  French  gi'ape 
vines  on  American  stocks,  as  a  means  of  arresting  the  Phyloxera,  at  pres- 
ent so  destructive  to  the  great  wine  industry  of  France  ;  and  I  find  from 
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the  obituary  notice  of  Mr.  Paul  Leroy  Beaulieu  in  the  Economiste  Fran- 
i^ais,  from  which  I  have  made  an  extract  on  a  previous  page,  that  from 
his  bed  of  suflfering  on  the  evening  preceding  the  day  of  his  death,  he 
directed,  as  President,  a  letter  to  the  submarine  railroad  association,  so  im- 
possible it  was  for  him  to  avoid  thinking  (or  acting)  on  subjects  which  in- 
terested him  I 

The  life  and  labors  of  Mr.  Chevalier  ended  on  the  28th  of  November 
last.  He  died  the  morning  of  that  day,  at  his  country  residence,  Mont 
Plaisir,  near  Lod8ve,  in  his  74th  year,  which  would  have  been  reached  on 
the  13th  of  January  of  the  present  year. 

I  venture  to  translate  from  a  letter  from  his  affectionate  and  lovely 
daughter,  Madame  Paul  Leroy  Beaulieu,  written  me  on  the  2d  of  Decem- 
ber, four  days  later,  the  portion  communicating  the  sad  intelligence  of  his 
death.  '*When  (says  Madame  Beaulieu)  my  father  received  your  last 
letter,  he  was  already  confined  toTiis  bed,  from  which  he  was  no  more  to 
rise.  His  ankle  was  being  rapidly  cured,  but  as  the  cure  of  the  ankle  pro- 
gressed, there  came  on  successively  a  rheum,  derangement  of  the  stomach, 
and  afles  in  the  mouth,  all  ills  which  und^r  other  circumstance  would 
easily  have  been  borne,  but  which  were  too  much  for  a  frame  for  some  years 
enfeebled. 

*'My  iK)or  father  died  on  the  28th  of  November,  after  four  weeks  of  suf- 
fering, and  an  agony  of  twenty-six  hours.  He  preserved  his  consciousness 
until  within  a  few  hours  of  his  death. 

"All  the  physicians  whom  we  have  consulted,  concur  in  opinion  that 
his  health  had  been  u»ed  vp  by  his  labors  ;  and,  in  spite  of  all  the  watchful 
care  which  surrounded  him,  especially  that  of  my  mother,  who  never  left 
him  night  or  day  for  more  than  two  years,  the  Almighty  has  not  allowed 
us  to  preserve  him. 

"I  have  thought,  dear  sir,  that  these  details  in  regard  to  so  old  and 
sincere  a  friend,  would  be  of  interest  to  you,  and  for  this  reason  I  have 
written  you. 

"  I  wish  also  to  say  to  you  that  all  those  whom  my  father  has  loved  are 
dear  to  us,  and  that  we  will  be  happy  to  learn  that  the  painful  trials  we  are 
undergoing,  have  been  spared  to  them." 

Mr.  Chevalier's  life  was  in  fact  one  of  almost  constant  mental  labor,  from 
his  childhood  to  his  death.  This  was  so  much  his  normal  condition,  that 
even  at  his  hospitable  home,  he  appeared  often  distrait  and  silent  when 
thinking  over  something  said  by  a  guest  which  struck  him  as  worthy  of 
consideration,  but  in  regard  to  which  he  was  not  at  the  moment  prepared 
to  express  his  concurrence,  or  dissent.  That  he  was  not  unobservant,  was 
evident  from  his  accurate  and  minute  recollection  of  men  and  things.  He 
had  one  of  the  most  retentive  memories  I  have  ever  known,  and  seldom, 
I  think,  forgot  anything  he  had  seen  or  read,  worthy  of  thought  or  remem- 
brance. 

With  such  varied  ability,  and  such  a  taste  for,  and  power  of,  labor,  few 
subjects  worthy  of  it  escaped  his  attention,  or  were  left,  if  within  his  pur- 
view, untouched  by  his  pen.     In  one  respect  he  was  exceptional,  and 
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perhaps  stood  alone,  among  the  writers  of  his  epoch.  This  was  his  rare 
union  of  a  mind  eminently  scientific,  with  a  beautiful  imagination.  This 
combination  of  what  are  usually  deemed  opposite  mental  traits,  is  apparent 
frequently  in  his  writings,  but  is  perhaps  most  apparent  in  his  lettera  on 
North  America,  and  in  a  smaller  work  published  in  1863,  on  "  Ancient 
and  Modern  Mexico." 

With  so  quick  an  intellect,  so  fine  a  memory,  and  love  of  and  capacity 
for  labor,  a  great  deal  was  written  by  Mr.  Chevalier  during  the  last  half 
century,  besides  the  works  mentioned  in  this  memoir.  Independently  of 
his  letters  from  America  which  first  attracted  attention  to  him  as  a  writer, 
he  published  in  1840,  a  large  work  on  the  ''Lines  of  Communication  and 
Public  Works  of  the  United  States,"  with  an  accompanying  atlas  (two 
volumes  in  quarto  and  the  atlas  in  folio),  which  has  never  been  translated 
in  English,  but  which  made  the  internal  improvements  of  the  United 
States,  at  that  time,  better  and  more  accurately  known  to  Europeans  than 
they  were  to  ourselves.  His  lectures  at  the  College  of  France  and  other 
works  on  Political  Economy,  and  his  brochures  on  Gold  and  Currency,  are 
well  known  to  readers  on  those  subjects.  In  addition,  he  gave  to  the  world 
a  magnificent  introduction  to  the  reports  of  the  International  Exposition 
of  1867,  and  was  a  co-laborer  during  the  whole  period  in  the  principal 
periodical  journals  of  France,  as  well  as  a  contributor  of  able  articles  on 
subjects  of  the  day  to  the  Journal  Des  Debats. 

On  the  Ist  page  of  this  memoir,  I  mentioned  having  had  ''the  pleasure 
during  a  visit  to  Prance  in  1837,  of  seeing  the  mother  of  Mr.  Chevalier, 
and  his  devoted  sister  Pauline  (afterwards  Madame  Moroche)  and  learned 
then  the  secret  of  his  rapid  rise  in  public  estimation,  both  as  a  writer  and 
statesman." 

Mr.  Chevalier  and  myself  were  in  Paris,  students  of  our  respective  pro- 
fessions, in  the  years  1825,  1826,  and  1827,  but  did  not  meet  there  at  that 
time.  Our  acquaintance  commenced  when  he  visited  this  country  on  his 
mission  from  Mr.  Thiers  in  1833.  He  then  brought  me  a  letter  from  one  of 
our  Paris  co temporaries,  asking  my  assistance  to  him  in  his  objects,  which 
it  gave  me  pleasure  to  render.  The  more  I  saw  of  him  the  more  interest- 
ing I  found  him,  and  when  he  left  America  to  return  to  France  in  1835, 
we  had  become  attached  friends.  When  I  afterwards  visited  Paris  in  1837, 
he  was  one  of  the  first  persons  to  call  on  me,  and  I  was  made  literally  at 
home,  whenever  I  could  spare  time  to  visit  him,  in  his  modest  apartment, 
I  forget  the  street,  and  number ;  but  it  was  not  far  from  mine,  which  was 
at  the  Hotel  de  Londres  in  the  Place  Vendome. 

Instead  of  the  appartement  de  garqon  in  which  I  had  expected  to  find  my 
friend,  I  found  his  remarkable  mother,  and  his  sister  Pauline  and  young 
brother  Martial,  residing  with  him ;  the  two  first,  to  relieve  him  of  the 
trouble  of  taking  care  of  himself,  and  thereby  leave  him  more  time  for  his 
studies  and  labors,  as  well  as  to  make  his  time  more  pleasant  in  the  brief 
intervals  he  allowed  himself  for  recreation  ;  and  the  younger  brother 
brought  with  them  to  have,  under  the  guardianship  of  his  mother  and 
sister,  the  advantages  of  Paris  training  without  its  perils. 
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Cordially  received  as  I  alwa)*a  wiw  by  every  member  of  this  little 
household,  I  soon  discovered  In  the  gentle,  affocKonato  and  unpretendingly 
mother  of  the  Che%'allei*s,  a  lady  of  remarkable  mind  and  energy,  whose 
ambition  it  was  to  make  every  sacrifice,  and  to  do  everything  in  her  power 
to  forward  the  honort\ble  inspirations  of  her  sons,  and  es(K'cially  of  Mr. 
Michel  Chevalier  the  eld v»st. 

I  had  a  few  months  later,  on  the  occasion  of  his  dangerous  accident  at 
London,  a  proof  of  the  devotion  of  his  young  sister  Pauline.  Mr.  Cheva- 
lier and  myself  occupied  at  the  time  of  its  occurrence  a  common  imrlor 
with  adjoining  chambers  at  Long's  Hotel.  How  the  nevs^  of  the  accident 
reached  Paris  so  soon,  I  have  never  known.  Electric  telegn\phs  had  not 
been  introduced  to  any  extent,  and  the  only  roads  which  then  existed  be- 
tween Paris  and  London  were  the  French  paved  turnpikes  and  English 
McAdamiRcd  roads  ;  but  on  the  third  or  fourth  night  after  its  occurrence 
[a  shorter  time  than  a  i*eply  to  my  letter  to  the  family  announcing  it  could 
have  iKsen  received  by  me),  I  was  awakeneii  at  4  A.  m.  by  a  loud  kntxiking 
at  the  door  of  my  chamb«»r,  which  proved  to  be  from  Mile  Pauline  and 
her  brt)ther  Augustc,  who  on  hearing  of  the  accident,  rushed  to  London  as 
i)ist  as  the  MallepoH^  in  France  and  post-horses  in  England  could  carry 
them»  to  nurse  their  brother  Michel ;  and  who,  after  hei\ring  my  accinint 
of  it,  went  at  once  to  the  French  Embassy,  and  remained  there  constantly 
with  him,  until  he  could  be  removed  w*ithout  ha»ird,  to  Paris. 

One  can  scarcely  imagine  surroundings  more  favorable  to  high  develop- 
ment in  an  elevated  and  affectionate  nature,  than  were  those  of  Mr.  Che- 
valier in  his  modest  Paris  ai)artment^  of  which  I  have  given  a  glitni>se  only, 
in  the  above  t>an\gmphs. 

Before  closing  this  obituary  notice.  I  should  say  a  few  words  of  Mr. 
Chevalier  in  private  life.  1  have  never  known  more  beautiful  family  rela- 
tions than  those  which  existed  in  his  household.  But  the  extract  fVom  the 
letter  of  Madame  Leroy  BeauUeu  given  in  this,  brief  as  it  is,  tells  what 
these  were,  better  than  anything  which  I  could  8<\y  on  the  subjject.  Few 
)>crsons,  I  think,  knew  or  understood  Mr.  Chevalier  better  than  mjrself, 
and  I  can  truly  say  that  his  nature  was  a  most  kindly  and  affectionate  one 
to  everybody ;  but  no  one  could  sur|)as8  him  in  his  willingness,  however 
occupied,  to  aid  and  assist  young  men  desiring  his  counsel  and  advice  in 
the  oi>ening  of  their  careers.  On  this  subject,  I  rect>llect  hearing  his  ex- 
cellent mother-in- la w%  Madame  Fournier,  complain  of  his  good-heartedness 
in  being  willing,  notwithstanding  his  unremitting  labors,  to  give  his  time 
and  advice,  as  w^ell  as  pecuniary  aid,  to  any  one  asking  his  assistance  or 
counsel ;  and  thix>ugh  life  he  enjoyed  the  raputation  of  unusual  benevo- 
lence. In  the  language  of  Mr.  Paul  Len)y  BeauUeu,  fVom  whom  I  have 
several  times  quoted  In  this  notice,  he  looked  usually  at  the  best  side  both 
in  men  and  things.  He  believed  in  Providence,  in  the  definitive  triumph 
of  the  good  and  true.  His  mind  thus  anchored,  manifested  increased  re- 
sources under  exigencies,  jMid  he  found  himself  preserved  under  the  most 
difticult  circumstances  fVt>m  all  discouragement. 
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Second  Contribution  to  the  Ilititory  of  the  Vertebrnta  of  the  Permian  Fbrtna- 

tion  of  Texas,     By  2C,  D,  Cope,* 

(Read  before  the  American  Philosophical  SoeiHy,  May  7,  1880.) 

Since  my  synopsis  of  this  subject,  published  in  May,  1878,  the  accession 
of  much  new  material  had  enabled  me  to  make  a  number  of  important 
additions  to  it.  Notes  which  record  some  of  tlio.se  may  be  found  in  the 
American  Nalunilist  for  Beptemlwr  and  December,  1878,  and  for  April 
and  May,  1880.     The  substance  of  these  is  included  in  the  present  essay. 

At  the  meetinflf  of  the  National  Academy  of  Sciences,  held  in  New  York, 
in  November,  1878, 1  ix)inted  out  that  the  scapular  arch  in  tlie  Pelycosauria\ 
consists  of  scapula,  coracoid  and  epicoracoid,  which  form  a  continuum  in 
the  adult,  in  the  same  way  as  the  three  elements  of  the  pelvis  in  the  same 
group  form  an  os  innominatum.  The  tibiale  and  centrale  of  the  tarsus 
unite  to  form  an  astragalus  which  has  no  movement  on  the  tibia.  The 
Hbulare  forms  a  calcaneum.  The  distal  side  of  the  astragalus  presents 
two  faces,  one  of  which  receives  a  large  |)art  of  the  proximal  extremity  of 
the  cuboid. 

The  structure  of  the  scapular  and  pelvic  arches  is  identical  with  that 
already  described  by  Owen  as  belonging  to  the  Anmnodontia,  Several  im- 
portant characters  distinguish  this  group  fk-om  the  Pelycosauria,  but  the 
two  together  form  an  order  which  I  have  thought  must,  for  the  present  at 
least,  l)e  retained  as  distinct  frt)m  the  lihyncliOfephalia^  The  characters 
of  this  onler,  with  its  two  suborders,  are  as  follows  : 

TiiEROMORPHA  Cope.  Scapular  arch  consisting  at  least  of  scapula, 
coracoid  and  epicoracoid,  which  are  closely  united.  Pelvic  arch  consisting 
of  the  usual  three  elements,  which  are  united  throughout,  closing  the  obtu- 
rator foramen  and  acetabulum.  Limbs  with  tlie  phalanges  as  in  the  am- 
bulatory types.  QuadrtUe  bone  proximally  united  by  suture  with  the 
adjacent  elements.    No  quadratojugal  arch. 

Pelyeosanria.  Two  or  three  sacral  vertebne  ;  centra  notochordal ;  inter- 
centra  usually  present.     Dentition  f\ill. 

Anomodontia,  Four  or  Ave  sacral  vertobrce ;  centra  not  notochordal ;  no 
intercentra.    Dentition  very  imjierfect  or  wanting. 

The  Rhynehocephalia  have  no  distal  ischio- pubic  symphysis,  and  appar- 
ently no  epicoracoid  bone.  They  have  an  obturator  foramen,  and  a  quad- 
ratojugal  arch. 

The  onler  T/ieromorpha  approximates  the  Afammnlia  more  closely  than 
any  other  division  of  lieptilia.  This  approximation  is  seen  in  the  scapular 
arch  and  humerus,  which  nearly  resemble  those  of  the  Monotremata, 
especially  Echidna;  and  in  the  pelvic  arch,  which  Owen  has  shown  in  the 
sub-order  Anomodontia  to  resemble  that  of  the  Mammals,  and  as  I  have 

• 

*  Abstract  read  before  the  National  Academy  of  Scloiices,  April  20, 18S0. 
t  Hee  Proceed.  Amer.  Philos.  Hoc,  1878,  p.  611  and  528. 


pointed  out,  cspcclHlly  that  of  Kckidna.  The  tarsus  Is  also  more  mamma- 
Han  than  In  any  other  division  of  reptiles.  In  the  genus  Drnttrtnion  the 
ci>raco\d  is  smaller  than  the  epicomcoid,  as  in  Monotremes.  The  pubis 
has  the  foramen  for  the  internal  femoral  arter>r. 

A  not  less  remarkable  characteristic  of  the  PiBlffeonautHO^  as  represented  by 
CUp9$drop9  and  Dim^ti'tHiont  is  their  resemblance  to  the  BatrtKhM  in  some 
important  nospects.  This  is  seen  in  the  scapular  and  pelvic  arches,  which 
resemble  very  much  thi>s6  of  the  rrod^la^  and  of  such  ty|)e6  as  Brffop^, 
The  small  coossiAeil  coracotd  only  differs  fhnu  that  of  Eryop%  in  having 
two  deep  sinuses  of  its  free  boixJcr.  The  j^neral  form  of  the  pelvis  is 
similar^  but  the  ilium  has  a  special  and  |>ecu1iar  articular  face  for  the  sacml 
dUipophysis,  which  is  wanting  in  Srjft>ps,  In  the  Inferior  arches,  the  ab- 
sence of  obturator  foramen,  and  general  boat- like  form,  are  the  same  in 
both ;  but  in  tlie  Pel^comuHa  the  symphysis  is  not  so  deep,  and  the  walls 
less  massive.  But  the  resemblance  of  these  arches  to  those  of  the  Ba- 
truehia  In  question  is  greater  than  to  those  of  any  onier  of  reptiles. 

Another  jwint  of  resemblance  to  the  Bafraehia  is  seen  in  the  humerus. 
In  my  previcms  essay  on  the  P^ljft<tMtuna  al)ove  cited,  I  defined  six  types 
of  humerus  as  occurring  in  the  Texas  Permian.  Two  of  these  were  de- 
scrilKid  as  wanting  the  fon^men,*  while  the  others  were  stated  to  i>os8ess  It ; 
other  dlrterences  between  these  tyi>es  exist,  but  they  were  not  mentioned. 
Since  then  Qaudry  has  added  a  third  form  to  the  former  group,  which  he 
hi\8  ascribed  to  a  reptile  under  the  name  of  Kuehiroiaunut.  I  have  detected 
this  form  in  my  Texas  collections  together  with  another,  which  has  no 
condyles  at  either  extremity.  Thus  eight  forms  of  humerus  are  found  In 
this  formation. 

That  the  type  with  theaupracondj^lar  foramen  belongs  to  the  Pelffco^anria 
has  l>een  satisfactorily  shown  by  its  presence  in  the  skeleton  of  Giepnffdf'^pit 
fMtaUi  and  in  (7yHmf»VfC(»  majtfr,  where  Owen  first  identified  it,  I  find  the 
ty|)e  without  this  foramen  fVcquently  associatiKl  with  the  skeletons  of 
Krffop9t  and  other  Stegocttphalu  There  is  no  other  element  that  can  l)e  re- 
ganied  as  the  humerus  of  this  typo.  It  moreover  has  distinct  iH>ints  of 
resemblance  to  the  humerus  of  existing  Batrathuu  parallel  with  similarity 
traceable  in  the  femora  of  the  extinct  and  recent  genera.  There  is  then 
every  reason  fbr  believing  that  we  have  in  the  humerus  of  fSrffop»  and  its 
allies,  an  element  which  approaches  closely  In  its  cimntcters  to  that  of  the 
P^tifromurin,  and  hence  to  that  of  the  Mon<ftremaifi. 

There  are  spmo  other  peculiarities  which  constitute  rt\setnblancos  of  the 
Bi\me  kind.  The  tooth  bearing  elements  of  the  roof  of  the  mouth  have 
Imtrachian  chamcter.  Such  is  the  densely  packed  l)ody  of  teeth  seen  In 
DifMtrodon;  and  so  are  the  teeth  on  the  vomer  in  Kmimdot^Us.  There  is 
also  a  possible  existence  of  epiphyses.  Judging  from  various  specimens  of 
humeri  In  my  |K)8se8slon  of  both  P^lffi^oi^ouna  and  Stegocophalous  forms. 

In  spite  of  these  approximations,  the  P^lyeosauria  are  distinctively  rep- 

*  This  word  whk  tnlMprlnleil  "  Tuhkii  *'  1.  c.  p.  dU9. 
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tilian  in  their  single  occipital  condyle,  ossification  of  the  basicranial  carti- 
lage, and  single  vomer. 

Thus  the  reptiles  and  batrachia  of  the  Permian  period  resembled  each 
other  and  the  Mammalia,  more  closely  than  do  the  corresponding  existing 
forms. 

PELYCOSAURIA. 
THEROPLEURA  Cope. 

Paleontological  Bulletin  No.  29,  May,  1878,  p.  519,  Proceed.  Amer. 
Philos.  Soc,  1878,  p.  519. 

A  more  complete  specimen  of  the  Theropleura  uniformis  than  any 
hitherto  obtained  gives  the  following  generic  characters. 

The  teeth  are  generally  similar  to  those  of  Clepsydrops  and  Dimetrodon, 
having  compressed  crowns  with  fore  and  aft  cutting  edges.  The  incisors 
are  distinguished  by  the  presence  of  a  diastema.  Posteriorly  to  this  the 
teeth  increase  in  size,  and  then  diminish ;  one  tooth  near  the  middle  of  the 
series  is  the  largest,  but  does  not  in  this  species  very  much  exceed  the 
others.  There  is  at  least  one  large  incisor  tooth.  The  bones  of  the  head 
are  smooth,  and  not  sculptured  ;  a  character  distinguishing  the  genus  from 
Ectocynodon.    The  symphysis  of  the  mandible  is  short. 

The  neural  arches  of  the  vertebrae  are  all  distinct  from  the  centra.  In- 
tercentra  are  not  present  in  any  of  the  thirteen  vertebrae  preserved,  but 
there  was  probably  one  below  the  centrum  of  the  atlas.  The  ribs  are  two- 
headed,  the  capitular  process  extending  downward  to  the  anterior  border 
of  the  centrum.  The  neural  spines  of  some  of  the  vertebrae  are  greatly 
elevated  as  in  the  species  of  Clepsydrops  and  Dimetrodon.  The  scapula  is 
long;  the  ilium  is  similar  to  that  of  t^he  genera  named.  A  character 
which  has  not  been  detected  in  either  of  the  genera  named  is  the  presence 
of  dermal  rods,  which  from  their  position  adherent  to  the  vertebrae,  I  sus- 
pect to  be  abdominal,  and  similar  to  those  of  the  genus  Oestocephaltis. 
This  is  a  batrachian  character.  The  neural  spine  of  the  axis  is  extended 
fore  and  aft.  The  odontoid  is  distinct  and  is  of  large  size.  It  has  lateral 
and  inferior  articular  surfaces. 

Theropleura  uniformis  Cope. 

Paleontological  Bulletin  No.  29,  p.  519,  1878. 

This  species  is  about  the  size  of  one  of  the  larger  VaranidcBy  and  about 
equal  to  the  Clepsydrops  natalis.  It  is  characterized  by  a  long  and  acuminate 
head,  with  a  large  lateral  nostril  on  each  side,  well  forwards,  and  approach- 
ing near  the  border  of  the  diastema.  In  the  specimen  the  top  of  the  head 
is  crushed  and  the  postorbital  portion  is  wanting.  Anterior  to  the  large 
lateral  tooth  there  are  nine  teeth ;  posterior  to  it  there  are  eighteen.  The 
anterior  cutting  edge  of  the  crown  does  not  extend  so  near  the  base  as  the 
posterior,  and  is  best  marked  on  the  anterior  teeth.  In  the  crowns  pre- 
served the  edges  are  not  serrate. 
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Longth  of  alveolar  cdgi)  of  mandlblo .IdO 

**      iVom  diastonm  to  caniau  tooth . , . . » , 0))0 

'*     of  centrum  of  atlas t,.  .010 

••      •'        ••         •*  axis 018 

**      **  contra  of  following  flvo  vertobrtw ...,..,.  .071 

'*      *' ilium  at  aootabulum...... .040 

The  tanciform  shape  of  the  skull  with  its  consequent  ])oculiaritio8  distin- 
guishes this  species  from  the  Cle}i$ydrop9  tnUali^t  and  the  Ditnetrodon  in- 
ct«tVu4.  The  canine  tooth  is  more  )K)storior,  the  teeth  more  numcrt)us, 
and  the  alvwlar  bonlers  less  curved  than  in  either  of  those  species.  The 
dhistema  is  less  excavated,  and  the  muzzle  loss  obtuse. 

Thekopleuiia  outusidbks,  sp.  nov. 

This  species  is  represented  by  nearly  all  parts  of  the  skoletdn,  including 
Jaws  of  lK)th  sides  with  teeth,  numertnts  vertebra%  and  bones  of  the  limbs. 
Many  of  these  pieces  are  pivserved  in  continuous  masses,  thus  greatly  aid- 
ing in  the  identification  of  parts. 

Although  the  species  is  not  larger  than  the  ThtropUura  vetraversa^  the 
neural  arclics  are  coOssitled  with  the  centrum. 

The  jaws  are  long  and  rather  slender,  and  there  is  no  such  Inequality  in 
the  sixes  of  the  maxillary  teeth  as  in  the  genera  DimHrodon  and  CU^pnjf' 
drops  ;  the  canine  being  8cai*cely  larger  than  the  othere.  The  crowns  are 
elliptical  in  section  at  the  base,  with  stmlght  sides ;  the  sections  of  the 
crowns  are  lenticular,  and  the  apices  are  not  very  acute.  The  superficial 
coating  is  striate  with  fifteen  or  sixteen  nUher  obtuse  ridges.  The  cutting 
edges  are  not  very  acute,  nor  are  they  denticulate.  The  number  of  teeth 
in  the  dentjiry  bone  cannot  bo  precisely  stated,  but  is  about  twenty -one. 

The  mandibular  articular  face  consists  of  two  open  jmrallel  gi'ooves,  one 
shorter  than  the  other,  extending  obliquely  to  the  long  axis  of  the  jaw. 
The  palatal  dentigerous  bone  is  quite  dltlerent  fi^m  tliat  of  Dimetrodon,  Its 
inferior  five©  inst»nul  of  being  narrow,  is  rhombic.  The  ascending  pmcess 
arises  fVom  one  of  the  terminal  angles  of  the  rhomb,  and  the  horizontal 
process  continues  tnmx  the  opposite  angle  in  line  with  the  inferior  surf^ice. 
Tlie  borders  of  the  rhomb  next  to  the  t\scending  prov^ess  are  dentigerous  : 
the  one  bears  a  single  series  of  four  large  teeth  ;  and  the  adjacent  angle  and 
side  iKMir  numen)us  small  teeth. 

The  vertebras  have  the  elongated  neural  spines  of  the  allied  genera,  and 
tliey  are  simple.  The  centm  have  curved  articular  margins  indlcnting  the 
presence  of  intercentra,  which  are,  however,  not  preserved.  Tmces  of 
sutural  articulation  with  the  neural  arch  remain.  Atany  of  the  centra  are 
much  compi*08sed  and  have  a  narrow  sharp  median  keel.  In  a  few  vertebne, 
apparently  from  the  |X)sterior  part  of  the  column,  an  angular  ridge  extends 
])osteriorly  fhnu  the  base  of  the  diapophysls ;  this  is  aptmrent  also  on  a 
caudal  centrum.  This  point  is  chamctoriHtlc  of  the  1\  irtrotHrm,  but  I  do 
not  And  the  largo  capitular  facet  of  that  species  in  the  7\  obitumkM,    The 
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lateral  ridges  of  T.  iriangiUata  are  situated  low  down  on  the  centra.  The 
diapophyses  supporting  the  tubercular  articulation  are  frequently  elongate. 
The  scapular  and  pelvic  bones  are  of  the  usual  type.  The  humeri  be- 
long to  form  second  of  my  Pal.  Bull.  No.  29.  They  have  rather  slender 
shafts,  and  much  expanded  extremities.  The  proximal  articular  surface  is 
well  defined.  The  supracondylar  foramen  and  other  points  Are  as  in  the 
Pelycosauria  generally.  There  were  probably  distal  condyles,  but  this  is 
not  absolutely  certain. 

Measurements,  M. 

Length  of  mandibular  series  of  teeth  (nearly  complete), 

on  block 110 

Length  of  crown  of  mandibular  tooth 008 

Anteroposterior  diameter  of  mandibular  tooth 004 

Diameters  of  articular  extremities  of  a  ver-  (  vertical . . .  '.021 

tebra  on  the  same  block ( transverse.  .020 

Length  of  another  centrum  on  same  block 020 

Diameters  of  humerus  (separate)  <^      ea     -^  smaller.  .013 

(of  shaft 017 

The  above  description  represents  the  parts  which  belong  either  certainly 
or  very  probably  to  one  individual.  Bones  of  a  second  and  larger  animal  are 
mingled  with  these.  The  species  to  which  they  belong  is  uncertain,  but 
they  resemble  very  much  those  of  the  TJierapUura  obiusidenSt  and  may  be- 
long to  a  larger  individual  of  that  species.  A  femur  has  the  form  already 
described  under  the  head  of  Clepsydrops  natalis.  (Paleoutological  Bulletin, 
No.  29,  p.  510.)  Some  phalanges  belonging  no  doubt  to  one  or  the  other  of 
the  two  animals,  are  like  those  I  have  already  ascribed  to  Clepsydrops, 
They  are  depressed,  and  are  expanded  at  the  articular  extremities.  The 
distal  extremities  expand  the  most  abruptly,  and  their  convex  trochlear  face 
is  without  groove  or  keel,  and  is  more  extended  on  the  inferior  than  the 
superior  surface. 

DIMETRODOK    Cope. 

Proceedings  American  Philosophical  Society,  1878,  p.  512. 

The  accession  of  a  considerable  amount  of  material  representing  this 
genus  enables  me  to  add  important  points  to  our  knowledge  of  its  osteology. 
The  most  noteworthy  additions  include  the  greater  part  of  the  skeletons 
of  two  individuals  of  D,  incisivus ;  and  vertebrae  attached  to  the  pelvis 
and  femora  of  2>.  gigas.  There  are  also  vertebrae  of  several  individuals  of 
D,  eruciger,  and  various  parts  of  the  skull  of  a  species  distinct  from  the  2>. 
incisi'ous. 

In  both  specimens  of  D.  incisivus,  portions  of  the  palatopterygoid  arch 
are  attached  to  the  maxillary  bone.  One  of  these  elements  is  an  oval  plate 
with  a  thickening  of  its  inferior  side,  so  as  to  bevel  the  long  border  farthest 
from  the  maxillary  bone.  The  surface  thus  produced  is  thickly  studded 
with  small  conical  teeth  irregularly  disposed. 

A  second  tooth-bearing  element  of  the  palate  is  adjacent  to  the  last.    It 
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is  H  massivo  pUto,  the  ends  of  whicli  are  produced  In  opposite  directions ; 
the  one  into  a  mi\sslve  shorter  prominence  ;  the  other  longer  and  platellke. 
Between  these  pmlongiitlons,  the  Inferior  edge  of  the  bone  bears  a  single 
row  of  well  develoi>ed  teeth.  The  piUch  of  small  teeth  first  described, 
commences  at  the  extremity  ftx)m  which  the  longest  process  rises  on  the 
opi>oslte  side  of  the  series  of  large  teeth.  This  Z^haped  lH>no  ls»  ttom  its 
massive  character,  generally  prescrvedi  and  I  was  long  familiar  with  It, 
before  I  could  refer  it  to  its  position.  In  one  s(>eclmen,  a  part  of  it  bearing 
teeth,  adhei^es  to  the  upper  Jaw  at  the  diastema. 

The  posterior  i>art  of  the  skuU  of  one  of  the  specimens  above  mentioned 
displays  typical  reptilian  charactere.  The  occipital  condyle  Is  not  perfomted, 
nor  divided  by  sutures.  The  exocclpltal  bones  project  well  backwardj^. 
The  lateral  walls  of  the  brain-case  are  massive  as  far  forward  \\»  the  exit 
of  the  flf\h*palr  of  nerves  ;  anterior  to  this  i>olnt  they  were  thin  or  want- 
ing. The  Imsisphenold  carries  two  parallel  descending  lamhue,  which 
lH>und  a  deep  median  fissure,  and  then  unite  anteriorly.  Posteriorly  they 
abut  on  a  descending  process,  which  Is  followed  by  a  lldOlke  element 
which  is  applied  to  u  circular  fossa  with  a  raised  l>order  near  the  occipital 
condyle. 

The  articular  face  of  the  articular  l)one  of  the  mandible  consists  of  two 
parallel  cotyll,  divided  by  a  ridge  of  articular  surface.  This  part  of  the 
Jaw  Is  much  depressed,  i\s  In  Erjfops,  The  large  teeth  of  the  lower  Jaw  are 
at  the  anterior  extremity. 

The  neural  spine  of  the  axis  is  flat  and  elongate  antero -posteriorly. 
From  this  pf)lnt  the  neural  spines  rise  n^)ldly  hi  elevation  until  on  the 
dorsal  region  they  are  many  times  as  long  as  the  diameters  of  the  centra. 
The  latter  ara  not  very  unequal  In  their  proimrtlons  In  different  |)arts  of  the 
column.  Those  fi^om  the  posterior  regions  are  less  compiHissed  than  the 
dorsals  and  cervlcals.  The  dorsals  are  seimrated  by  Intercentn^  lielow, 
which  are  small  in  the  77.  incimuHt  and  larger  in  the  /).  gigtM.  All  the 
Txhs  are  two-headed,  commencing  with  the  axis.  All  the  cervical  and  dor- 
sal vertcbne  have  dlapophyses  with  tubercular  facets.  The  head  of  the* 
rib  Is  prolonged  downwards  and  forwards  to  the  prominent  border  of  the 
anterior  articular  fivce,  agi\lnst  which  It  abuts,  but  so  far  tis  yet  observed, 
without  a  corresponding  facet.  On  the  caudal  vcrtebne  the  two  facets  of 
the  ribs  are  approximated  and  finally  are  not  distinguished.  They  are  here 
coossifled  with  the  centra. 

The  humerus  accompanying  one  of  the  specimens  of  i>.  ineimm.  Is  of 
•  the  form  No.  8,  t)f  my  description  of  humeri  In  the  Paleontologlcal  Bulle« 
tin  No.  20,  p.  5^8.  The  extremities  are  expanded  and  the  shaft  is  without 
diagonal  ridge ;  the  supracondylar  foramen  is  enclosed,  and  the  condyles  are 
it>bust.  The  pelvis  of  the  I),  gigns  Is  In  gencnU  like  that  of  Vkp^gdrops  naUtUi* 
(I.e.,  p.  510).  The  elements  are  codsslfied,  butthe  Ischlopublc  symphysis  Is  not 
80 deep  as  in  the  Ji(ttraeMao(  the  same  beds.  The  ilium  Is  shortened  above, 
and  Its  direction  Is  at  right  angles  to  the  long  axis  of  the  Inferior  elements. 
The  foramen  of  the  internal  femoral  artery  Is  distinct.    The  femur  of  the 
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same  individual  of  2>.  giga%  has  no  head,  but  a  regular  wide  crescentic 
proximal  articular  surface.  Below  this  on  the  posterior  side  is  the  large 
trochanteric  fossa,  which  is  bounded  by  lateral  ridges,  which  are  at  first 
equal,  but  one  soon  exceeds  the  other  in  height,  forming  a  trochaateric 
ridge  a  little  above  the  middle  of  the  shaft.  The  condyles  are  distinct 
from  each  other  and  are  flattened  below.  One  of  them  bears  a  robust 
longitudinal  crest  above,  which  makes  it  much  larger  than  the  other,  and 
causes  the  groove  that  separates  them  above,  to  look  outward,  or  to  the 
side  which  supports  the  trochanter. 
Three  of  the  species  may  be  distinguished  as  follows : 

Vertebral  centra  much  compressed,  acute  below  ;  neural  spines  without 
processes D,  incisivus. 

Vertebral  centra  less  compressed,  obtuse  below  ;  neural  spines  without 
processes  ;  larger. JD.  gigas. 

Vertebral  centra  compressed,  not  acute  below  ;  neural  spines  with  cross 
projections D.  cruciger, 

•    DiMETRODON  GBUCIGER  Cope. 

American  Naturalist,  1878,  p.  830. 

This  species  is  not  uncommon  in  the  Permian  Formation  of  Texas.  It  is 
characterized  by  the  enormous  length  of  the  neural  spines  of  the  lumbar 
vertebrae,  which  form  the  dorsal  fin  seen  in  other  species  of  the  genus. 
They  are  found  in  masses  adhering  together  like  sticks  or  branches  of 
bushes.  In  this  species  the  spine  sends  off,  a  short  distance  above  the 
neural  canal,  a  pair  of  opposite  short  branches,  forming  a  cross.  At  vari- 
ous more  elevated  positions  there  are  given  off  tuberosities  which  alternate 
with  each  other.  They  form  on  several  consecutive  spines  oblique  rows. 
The  spines  are  broadly  oval  in  section,  the  long  axis  antero-posterior,  and 
have  a  shallow  groove  on  both  the  anterior  and  posterior  aspects.  The 
centra  are  elongate  as  compared  with  their  other  diameters,  and  are  much 
compressed  between  the  articular  extremities,  leaving  a  strong  inferior 
median  obtuse  rib.  Articular  faces  ot  zygapophyses  oblique.  Diapophy- 
*  ses  short  and  robust,  with  large  costal  faces,  and  standing  below  the  prezyg- 

apophyses. 

Measurements*  M. 

ft 

C  antero-posterior 043 

Diameter  of  centrum  }  vertical  at  end 028 

( transverse  at  end 030 

Elevation  of  posterior  zygapophyses  above  centrum 025 

**  cruciform  process  **  •*       058 

Expanse  of  posterior  zygapophyses 034 

'*  cruciform  process 048 

T^.       ^       ^     .        ^ ,  f  antero-posterior 030 

Diameter  of  spme  at  base   i  ^  ^^^ 

(transverse 020 

antero-posterior 016 


1 

Length  of  several  pieces  of  neural  spines 140 


"    .090  above  base   . 

transverse 016 
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DIADECTIDiE. 

I  havQ  obtainod  throo  skulls  of  tho  EmpeditcUa  molaris,  a  species  of  this 
family,  which  display  the  occiput,  and  two  of  thorn  the  basis  of  tho  cmn- 
iaPand  fiicial  regions.    From  them  I  derive  the  following  chanicters.* 

The  relati<ms  of  the  quadrate  and  zygomatic  arches  are  as  in  the  Thero- 
morpha  generally.  The  pterygoids  extend  to  the  quadrates,  and  the  vomer 
bo)\r3  teeth.  The  bi*ain-case  extends  to  between  the  orbits,  and  its  lateral 
walls  are  uninterrupted  by  fissures  fVom  this  point  to  near  the  origin  of  tho 
08  quadratum.  There  is  an  enormous  frontoparietal  foramen.  The  mode  of 
connection  with  the  atlas  Is  peculiar.  There  Is  a  plane  facet  on  each  side  of 
i\iQ  foramen  fnagnum,  which  then  expands  largely  below  them.  Tho  bone 
which  bounds  it  Inferlorly,  presents  on  its  posterior  edge  a  median  concavity. 
On  each  side  of  this,  Is  a  transverse  cotylus,  much  like  those  of  an  atli\s  which 
are  applied  to  the  occipital  condyles  of  the  Afamfnalia.  They  occupy  pre- 
cisely the  position  of  the  Mammalian  condyles.  The  median  i)olnt  of  their 
upper  border,  which  forms  the  Uoor  of  the  foramen  magnum.  Is  produced 
in  the  position  occupied  by  the  median  occipital  condyle  of  a  reptile. 
Fix)m  Its  [losltlon  between  the  cotyll,  the  section  of  this  process  is  triangular. 
The  element  in  which  the  cotyll  are  excavated  has  the  form  of  the  mam- 
malian basioccipital,  and  of  the  reptilian  sphenoid.  It  is  not  the  batrachlan 
parasphenold.  Its  extreme  external  bonier  on  each  side  where  it  Joins  a 
crest  descending  (Vom  the  exoccipltal,  is  excavated  by  a  circular  fossa 
which  looks  outwards. 

The  character  of  this  articulation  is  so  distinct  fVom  anything  yet  known 
among  vertebiuted  animals,  that  I  felt  Justified  in  proposing  (I.  c,  p.  304) 
a  new  division  of  the  T/ieronwrpfia  to  Include  the  DiadectidiB,  to  be  called 
the  Cotj/loiaurta.  The  superior  facets  described,  indicate  the  presence  of 
Atlantal  zyga])ophyscs  as  In  the  Oatiocephala^ 

There  are  three  genera  of  DiadactidiHf  one  of  which  is  now  introduced 
for  the  first  time.    They  are  distinguished  as  follows  : 

I.  Molar  teeth  in  one  series  ; 

A  distinct  canine , •      Diadectrs, 

No  canine. , Empedoolds. 

II.  Molar  teeth  in  two  series ; 

A  canine. , IhlodtcUn, 

I  am  acquainted  with  six  species  of  this  family,  two  of  each  of  the  geiiera. 

DIADECTES  Cope. 

Proceeds.  Amer.  Phllos.  Society,  1878,  p.  503.  American  NatunUlst, 
April  23,  1878. 

The  typical  species  ol  the  genus  has  compressed  teeth,  with  one  end  of 
the  crown  much  more  elevated  than  tho  other.  In  the  lower  Jaw  the  Inner 
extremity  Is  the  elevated  one,  and  t>m  vena.  There  Is  a  large  tooth  In  tho 
I)06i(tion  of  a  canine  in  the  Inferior  series,  but  It  Is  not  certtUn  whether  or 
not  lit  is  an  incisor.    A  new  species  is  now  described  which  is  Intermediate 

^Tkese  were  first  doaortbed  in  tho  Amerioivu  Naturalist,  1880,  p.  301. 
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between  the  D^  sideropelieug  and  the  EmpedoeU*  molarts  in  the  foim  of  the 
molar  teeth.     The  species  are  distinguisheil  as  follows  : 

Much  inequality  in  the  elevation  of  the  exttemities  of  the  molars  ; 
lower  tubercle  small D.  iideropelicus. 

Extremities  of  molars  not  very  unequal  in  height ;  lower  tubercle 
large D,  pJuueolinus. 

DiADBCTBS  PHAflBOIilNUS  Cope.  sp.  UOV. 

This  species  is  represented  in  my  collection  by  the  maxillary  bones  of 
three  animals,  and  a  portion  of  the  mandible  with  most  of  the  tooth   line 
of  a  fourth.     These  fragments  are  of  about  the  size  of  the  D,  sideropelicus 
and  EmpedocUi  molaris. 

The  molars  possess  a  low  cusp  which  is  nearly  in  the  middle  of  the  tooth. 
Of  the  lower  and  external  cusps,  the  internal  is  the  wider  and  more  round- 
ed ;  when  unworn  it  is  as  elevated  as  the  external,  but  it  is  soon  reduced 
by  attrition.  The  external  part  of  the  tooth  is  somewhat  narrowed,  and 
there  is  no  horizontal  surface  on  either  side  of  the  median  cusp,  as  in  Sm- 
pedocles  molari»»  The  last  maxillary  tooth  is  rather  small ;  preceding  it 
are  eight  wide  transverse  ones,  and  then  two  less  extended  transversely 
before  reaching  the  broken  end  of  my  best  specimen.  The  anterior  of  these 
is  elongate,  and  may  be  caniniform,  but  its  apex  is  lost.  External  layer 
smooth  ;  some  wrinkles  round  the  base  of  the  median  cusp. 

The  broken  base  of  the  molar  bone  is  subround  and  small,  and  shows 
that  that  element  is  slender  below  the  orbit. 

The  portion  of  mandible  preserved  is  quite  deep,  and  is  incurved  at  the 
sympJiysis.  But  few  of  its  teeth  are  preserved,  and  it  is  not  pos»ble  to 
say  how  long  the  anterior  ones  with  subround  bases  may  have  been.  The 
molar  whose  crown  is  preserved  does  not  differ  materially  from  those  of 
the  maxillary  series.  The  alveolar  line  does  not  retreat  inwards  from  the 
external  border  as  in  Empedocles  latibuccatua^  resembling  in  this  respect 
the  D.  8ideropeli('U8,  The  external  surface  of  the  lower  jaw  is  roughened 
by  shallower  and  deeper  small  or  minute  pits  closely  placed. 

Measurements.  M. 

Len gth  of  series  of  eleven  maxilUry  teeth 07> 

Length  of  series  of  seven  widest  molars 048 

^,  . ,  ,       f  anteroposterior 006 

Diameter  widest  molar  '  „^^ 

(transverse 016 

Depth  of  mandible  extenfclly 050 

Width  of  mandible  at  middle 026 

It  is  possible  that  it  may  yet  be  necessary  to  refer  this  species  to  Em- 

pedoeles. 

EMPEDOCLES  Cope. 

Proceedings  Amer.  Philos.  Soc.,  1878,  p.  516.     American  Naturalist, 
April  22,  1878  ;  April,  1880. 
I  am  acquainted  with  two  species  of  this  genus,  E  molarts*  and  E.  lati- 

*  /Aadectea  molariSf  Amer.  Naturalist,  1878,  p.  505w 
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bueratH9,^  The  lattor  Is  roprosciited  by  (X)rtlons  of  two  mandibles  iti  my 
coUoctioa  :  the  former  by  two  or  three  skulls,  with  part  of  the  mandible 
uccom^mnying  one  of  them.  The  diirerouce  in  the  forms  of  the  mandibles 
is  well  marked.  In  K  molarii  the  dental  scries  is  ^mnillel  to  the  external 
border  of  the  Jaw;  in  i?.  latibuccutua  the  tooth  line  is  deflected  inwards 
fVom  the  border,  leaving  a  wide  space. 

Empbdoclbs  MOLA.RIS  Cope. 

Diadee(69  molarU  Cope.    American  Naturalist,  1878,  p.  605. 

The  molar  teeth  are  wider  in  this  species  than  in  any  species  of  the 
family  yet  known.  The  internal  and  external  extremities  of  the  crown 
are  about  equally  wlds  and  eixtuilly  elevated,  and  there  is  a  low  median 
cusp.  A  portion  of  the  grinding  surface  both  internal  and  external  to  the 
cusp  Is  horizontal ;  the  surface  of  this  iH)rtion  is  wrinkled.  Tlie  last  molar 
is  smaller  than  the  others.  The  inner  bonier  of  the  maxillary  bones  forms 
u  curved  ridge  on  eacli  side  of  the  palate,  which  is  se(>anited  by  a  grwive 
iVom  the  vomer.  The  latter  forms  a  median  keel  at  the  anterior  portion  of 
the  (Hilate,  where  it  supports  two  rows  of  small  conical  teeth.  The  palatines 
have  their  prominent  internal  edges  Juxtaposed  tis  far  as  thtf  transverse  line 
of  the  last  molars..  There  tliey  diverge  a  little,  and  extend  as  two  nearly 
l>arallel  keels  to  a  prominent  angle  on  each  side,  opposite  the  middle  of  the 
zygomatic  foramen.  Tliere  the  inner  boniers  cease  to  project,  and  arc 
directed  obliquely  outwards  to  the  inner  extremities  of  the  quadrate  l>ones. 
The  external  borders  of  the  pterygoids  are  more  elevated  than  the  inter- 
nal. The  median  keel  of  the  basisphenoid  arises  between  the  Internal 
angles  of  the  pterygoids  above  mentioned,  and  cetises  before  reaching  tlio 
inferior  border  of  the  occipital  condyle.  The  external  border  of  the  ex- 
oocipit^U  is  sigmoidally  flexed. 

It  has  occurred  to  me  that  the  peculiar  condition  of  the  occiput  described 
under  the  head  of  the  family  Diadectidw,  may  be  due  to  the  loss  of  the 
l))\sioccipltal  bono.  It  would  be  a  remarkable  coincidence  if  this  accident 
should  have  be  Allien  the  only  three  crania  which  have  come  into  my  pos- 
session. 

The  anterior  border  of  the  orbit  is  above  the  anterior  part  of  the  fourth 
molar,  counting  from  behind.  The  distinct  Incisive  foramina  are  longitudi- 
nal and  rather  large.  The  anterior  boixler  is  opposite  to  the  fourth  tooth 
counting  fVom  the  first  incisor.  The  nostrils  look  out  laterally  and  a  little 
forwai*d ;  the  united  spines  of  the  preiilKxIllarles  form  a  stout  septum. 
The  Incisors  are  not  more  than  three  or  four  on  each  side  (I  cannot  And  the 
premax  11  lo- maxillary  suture),  and  they  form  a  regularly  convex  series. 
With  the  maxillaries,  the  entire  dentition  of  one  side  forms  a  gentle  sig- 
moid curve.  The  median  incisors  are  the  largest ;  the  sizes  regularly  di- 
minish until  the  smallest  are  reached  on  the  anterior  ))art  of  the  maxillary 
bone.  Posterior  to  this  point  they  enlarge  again.  Their  apices  are  not 
preserved. 

*/Xaclfel«j  latibuocaiua.  Proceed.  Amor.  Phllos.  Soo.,  1878,  p.  605. 
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The  superior  surface  of  the  skull  is  only  partly  preserved  in  one  speci- 
men. This  renders  it  probable  that  there  is  a  crotaphite  foramen  as  in  the 
crocodiles,  etc.  The  surfaces  of  the  external  cranial  elements  are  finely 
pitted,  or  rather  punctured. 

Measurements,  M. 

Total  length  of  skull 180' 

Width  of  skull  at  quadrates 145 

"         **        **    origin  of  zygoma 115 

**         **        **    incisive  foramen 056 

Length  of  dental  series  to  posterior  extremity  of  incisive 
foramen,  on  curve 090 

Diameters  of  third  molar  from  behind  { tmnsvwM!!: !""". !  '.031 
Depth  of  mandible  at  fifth  molar  from  behind. 048 

Maxillary  series  of  seven,  and  parts  of  the  mandibular  series  of  four,  indi- 
viduals, are  in  my  collection. 

HELODECTES  Cope.    Genus  novum. 

Maxillary  bones  of  two  species,  which  I  refer  to  this  genus,  were  found  as- 
sociated with  many  bones  of  appropriate  size,  among  which  are  vertebrae  of 
the  type  of  JSmpedocles.  The  characters  observable  are  generally  similar 
to  those  of  the  DiadectidcB,  where  I  accordingly  place  the  genus.  Its 
principal  characters,  the  presence  of  two  rows  of  teeth  in  the  jaws,  has 
already  been  pointed  out.  I  may  add  that  there  is  apparently  a  large  tooth 
in  the  position  of  anterior  incisor,  in  the  typical  species. 

The  species  differ  in  the  arrangement  of  their  teeth,  as  follows  : 

Molar  teeth  of  the  two  rows  subequal  in  size,  and  equally  numerous 

H.  paridens. 

Molar  teeth  of  one  row  wider,  and  more  numerous  tlian  those  of  the 
other H.  isaacu 

Hblodectes  paridens  Cope.     Sp.  nov. 

The  smallest  species  of  the  family,  is  of  about  half  the  linear  dimensions 
of  the  Empedoclet  molans.  It  is  represented  by  a  left  maxillary  and  proba- 
bly premaxillary  bone,  which  are  so  far  covered  with  the  adhesive,  hard- 
ened ferruginous  mud  of  the  formation,  as  not  to  expose  a  clean  surface. 
The  apices  of  all  the  teeth  are  broken  off,  so  that  the  bases  alone  remain 
to  indicate  their  number,  form  and  positions. 

Of  the  molar  teeth  proper  I  count  six  in  the  inner,  and  eight  in  the  ex- 
ternal row.  The  two  series  are  close  together,  and  are  gently  convex  in- 
wards. The  bases  of  the  teeth  are  wide  ovals,  transversely  placed.  In  front 
of  the  eighth  tooth  of  the  external  row  (from  behind),  are  two  teeth  with- 
out apparent  mates  of  the  internal  row  (possibly  the  latter  lost).  Then  fol- 
lows a  tooth  of  each  row,  and  in  front  of  these  another  pair,  the  external 
being  the  larger.  Anterior  to  these,  the  jaw  is  so  split  as  to  remove  any 
teeth"  of  the  inner  row,  if  there  are  any,  and  one  large  tooth  of  the  external 
series  stands  at  the  extremity  of  the  fragment.    This  latter  exceeds  the 
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other  teeth  in  the  length  and  diameter  of  its  basal  portion.    From  its  posi- 
tion it  is  probably  an  incisor. 

'Ihu  anterior  border  of  the  orbit  falls  above  the  third  tooth  of  the  exter- 
nal row  (counting  fh)m  behind).  The  inner  border  of  the  maxillary  bone 
is  elevated  into  the  ridge  convex  inwards,  as  in  the  other  species  of  this 
family.  The  malar  base  of  the  zygomatic  arch  is  a  moderately  stout  ver- 
tical oval. 

MM9ur€m$nU.  M. 

Length  of  dental  series ....••••••  .OOd 

Length  of  molar  6-8  series * 0$0 

Width  of  the  two  molar  series 009 

Vertical  diameter  malar  bone .018 

The  associated  bones  of  the  skeleton  may  belong  to  this  or  to  the  next 
s^H^cies,  or  even  to  a  small  £mp$docU9  whose  teeth  occur  in  the  same  lot 
In  the  uncertainty  of  reference  I  do  not  describe  them. 

IIelodrctss  TSA.ACI  Ooi)e.  8p.  nov. 

Founded  on  a  fragment  probably  of  a  maxillary  bone,  lacking  both  ex- 
tremities, and  considerably  obscured  by  ferruginous  dei)osit. 

The  characters  aiD  well  marked,  leaving  no  doubt  tliat  this  8i>ecies  is 
distinct  fh)m  those  previously  known.  The  biises  of  the  teeth  of  one  of 
the  rows  are  much  more  extended  transversely  than  Uiose  of  the  other, 
having  the  ftirm  of  some  of  those  of  Empifdoi^tw.  As  in  that  genus,  they 
shorten  anteriorly.  In  the  tHgnicnt,  I  count  on  tliis  row,  bases  of  nine 
teeth.  In  the  other  row,  I  can  only  definitely  count  three,  which  are 
op|x>site  the  second,  third,  and  fourtli  of  the  other  series  (counting  from 
liehind).  They  are  wide  transverse  ovals,  about  half  the  long  diameter  of 
the  ix)sterior  teeth  of  tlie  other  series. 

Length  of  bases  of  eight  larger  molars 033 

Diameter  ofiargo  mo.ar  {err:!?:::::v.;.:::::  Z 

Length  of  three  smaller  molars Old 

Long  diameter  of  a  smaller  molar 004 

This  siMH'ies  is  dtnlicated  to  J,  G.  Isaac,  the  di8ct>vorer  of  the  first  sj>ecieft 

of  tliis  fkmily. 

aANOCKPIIALA. 

Examination  of  abundnnt  material  shows  the  ct>rrectness  of  my  anttci|>a- 
lion  (American  Naturalist,  1878.  08ii),  that  the  vertebne  of  the  large  iHitra- 
chian  Ktjfi^s,  would  turn  out  to  have  the  structure  ftmnd  In  JRhiwhitomuft. 
This  genus  then  must  Ive  retVrreil  to  the  same  sub  onlor  ss  THmen*rhachu^ 
and  prol>ably -4r<imnfd«  Uaudry.  which  will  Iw  oharacterixed  by  the  seg- 
mented vertebn\l  centra.  If  Euntpetin  authors  are  correct  in  stating  that  the 
vertebms  of  the  LabjfrinthmiontM  have  undivided  centra,  the  subnmler 
al)ove  mentioneil  must  probably  retain  the  name  of  Gathoi^ephala,  with  ad> 
ditional  characters. 

The  identification  of  the  scapular  arch  in  Er^opi,  and  of  the  pelvic  arch 

PRIK\  AUKK.  PUtLOB.  SOC.  XIX.  107.  Q.      PKIMTKD  JUNtt  33,  1880. 
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in  Eryopt  and  Crieotus,  gives  the  following  result :  The  glenoid  cavity  is 
an  excavation  in  two  coossified  elements,  of  which  the  inferior  and  posterior 
is  probably  coracoid.  The  latter  is  then  much  smaller  than  in  Beptilia  and 
Batrachia  anura,  but  resembles  that  of  the  salamanders.  The  scapular 
arch  proper  resembles  that  of  the  Urodela.  The  pelvis  is  intenuediate 
between  that  of  the  anurous  and  urodelous  Batrachia,  There  is  no  obtura- 
tor foramen,  and  the  common  symphysis  is  deep.  The  humerus  closely 
resembles  that  of  the  Pelycosauria,  differing  chiefly  in  the  non-enclosure 
of  the  supracondylar  foramen ;  and  as  in  that  sub-order,  some  genera 
possess  condyles  and  some  do  not. 

Prof.  Owen  proposed  the  order  Oanocephala  chiefly  for  Archegomurus, 
but  he  included  in  it  also  the  genera  Denderpeton  and  Pelion  (Paleontol- 
ogy, p.  182-3).  This  division  has  not  been  generally  adopted  the  genera 
mentioned  being  usually  placed  in  the  Lahyrinthodontia.  Of  the  eleven 
characters  given  by  Prof.  Owen  in  evidence  of  the  existence  of  this  order, 
one  only  does  not  belong  also  to  the  Lahyrinthodontia  ;  this  is  the  absence 
of  occipital  condyles.  On  this  account  I  thought  that  the  group  should  be 
retained,  but  not  as  an  order.  Besides  this  group  and  the  Lahyrintho- 
dontia,  there  were  the  types  called  Microsauria  by  Dawson,  some  of 
which  have  simple  enamel,  all  agreeing  in  general  characters,  and  differ- 
ing from  other  Batrachia.  I  therefore  combined  the  three  groups  into 
one  order,  the  Stegocephali.  (Proceedings,  Academy,  Philada.,  1868,  p. 
209.)  This  order  was  most  distinctly  characterized  in  the  Report  of  the 
Geological  Survey  of  Ohio,  Paleontology,  ii,  p.  354,  1875. 

Von  Meyer  has  given  us  enough  of  the  characters  of  Archegoanurua 
to  enable  me  to  refer  the  forms  of  the  Texan  Permian  to  the  same  order. 
Prof.  Owen,  in  his  discussion  of  the  affinities  of  that  genus  (1.  c,  p.  170), 
remarks,  that  the  vertebrae  and  numerous  very  short  ribs,  with  the  **  indi- 
cations of  stunted  swimming  limbs,  impressed  me  with  the  conviction  of  the 
near  alliance  of  the  Archegosaurus  with  the  Proteus  and  other  perenni- 
branchiate  reptiles."  As  it  is  now  well  known  that  perennibranchiate 
batrachians  belong  to  three  different  orders  of  the  class  {Trachystomata, 
Proteida  and  Urodela),  the  above  expressions  lose  point,  and  especially  as 
the  characters  mentioned  as  indicative  of  affinity  are  of  the  most  subordi- 
nate importance,  or  as  in  the  structure  of  the  vertebrsB.  are  totally  distinct 
from  what  is  found  in  those  orders.  When  we  read  later  (p.  173),  that  the 
fact  that  the  superior  **  ossifications  of  the  skull  have  started  from  centres 
more  numerous  than  those  of  the  true  vertebral  system,  gives  the  charac- 
ter of  the  present  extinct  order  o^  Batrachia  ;  "  we  find  that  Prof.  Owen 
has  quite  failed  to  perceive  either  the  definitions  or  affinities  of  his  new 
order.  He  commits  an  error  in  describing  a  distinct  pubic  bone  ;  an  ele- 
ment which  Von  Meyer  states  (Paleontographica,  vi,  179,  1858)  that  he 
had  not  discovered.  Von  Meyer  describes  the  coossified  inferior  elements 
of  the  pelvis  as  ischia.  My  numerous  Texan  specimens  show  that  each  of 
these  bones  includes  both  pubis  and  ischium: 

In  now  defining  the  Ganocephala  anew,  I  confine  myself  to  chai-acters 


"wlMh  I  know  to  h^  common  to  the  known  genora.  Some  of  them  possess 
two  tHX'ipital  conilyW.  For  the  pur|K)so  of  avoiding  the  muUlpllctttUm  of 
synonymes.  I  employ  Prof.  0wen*8  name. 

Vertebne  eonnUUngof  (H^ntniand  interoontnv  the  fhrmer  not  extendhig 
to  the  iMso  of  the  vertebni,  the  latter  not  rising  to  the  neural  ctvnal  The 
centrum  consisting  of  two  {tarts  distinct  tYom  the  suiH^rior  neural  ardi  \ 
vi«.,  a  lateral  piece  (p!eurt)centrum)»  on  each  side.  Atlas  consisting  of 
seimrate  segments,  the  superior  of  which  art*  not  united  above  the  neural 
canal,  and  the  inferior  (intercentrum)  divided  tui  the  middle  line,  into  tw<^ 
segntents. 

Genera.  A.  Basioocipital  Iwne  witliout  condyles :  Ttimerorhatihh 
Co|)e  ;  ArchegtmtunM  Meyer.  A^  A.  Basioccipital  condyles  two  :  AtHho- 
don  Guadry  ;  Rachii&mm  Oo)ie ;  Eryap^  Cope. 

All  the  above  genera  have  well-develo{>eii  neural  spines  except  Trinu* 

ERYOPS  Co^ie. 

Paleontological  Bulletin  No.  20,  p.  188,  Nov.  Slst,  1877.  Proceedings 
Amer.  PhiUw.  8t>ciety»  1877  (1878),  p.  188. 

In  the  essay  above  cited,  thecmnial  chanuHersof  this  genus  were  |)ointed 
out  with  some  of  those  of  the  vertebra).  It  remains  to  describe  the  other 
ivftrts  of  the  skeleton.  Notices  of  some  of  these  have  already  ap[)eared  in 
the  An)erict\n  Naturalist  for  September,  1878  and  May,  1880. 

The  largest  element  of  the  vertebra  is  the  intercentrum.  This,  which 
<xYupies  the  entire  inft»rior  surfiice  of  the  vertebni,  is  a  segment,  rep- 
resenting tlio  sixth  iv\rt  of  a  sphere,  with  a  slight  centnil  V)\cuity.  The 
element  representative  of  the  centrum  is  winlgtHl  in  between  thesu|K»rior 
external  angles  of  atyainrnt  intercentn\,  as  in  Tmnt^torhachii.  Theae^  as  well 
as  the  interct»ntni,  ditler  fhm\  those  of  that  gtnms  in  their  greater  degree  of 
osi^iflcation,  which  is  so  tiir  tH>tnplete  as  to  greatly  contmct  the  ctitutH^  cAor- 
duf  <i<)r.t<i?f9.  The  central  elements  of  op)x>sito  sides  do  not  unite  on  the 
middle  line  Iwlow,  although  in  omtact.  The  neura^wphysis  Is  prinUuHHl 
downwartls  and  outwanis,  terminating  in  the  simple  diajH>phy8ls,  with  rib 
articulation.  Tlio  inferior  articular  faces  of  the  arch  are  two  on  each  side, 
one  for  the  centml  element  in  fVont,  and  the  other  ft>r  the  one  l)ehind  iU 
The  whole  is  surmounted  by  a  continuous  neural  spine,  which  is  expanded 
at  the  summit,  in  the  known  s)>ecies.  The  vertebne  do  not  ditf^^r  much  in 
ditR»rent  |>arts  of  the  column.  The  cervlcals  aixs  not  distinguished  in  any 
way  fh>m  the  dorstils,  but  their  anterior  interciMitra  have  more  extensive 
ctvstal  surfhcea,  which  give  the  inferior  |>o8terior  l)order  lateral  angles. 
The  dlaiwphysea  of  the  second  and  third  cervictils  art*  of  reduced  sir.e. 
The  neural  spine  of  the  jvxIs  is  a  little  less  elevatetl,  and  is  longer  an tero|>os- 
teriorly  than  that  of  the  thirtl  and  sutYtnjdlng  cervlcals.  1  do  not  j>osses8 
an  entire  atlas  fVee  (Vom  matrix.  Attached  to  the  axis  of  this  specimen  are 
two  elements  which  connected  it  with  the  skull,  m  they  are  se|>t\ratwl  fVom 
it  only  by  closely  Attlng  tVactures,  The  elements  are  lateral,  and  each  pre- 
sents a  semi-spherical  articular  ftice  in  fVont,  and  a  long  prt)cess  with  acute 
a|)ex  at  right  angles  to  it,  iH>steriorly.    These  pnHH»sses  lie,  one  on  each 
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side  of  the  neural  spine  of  the  axis,  above  the  position  which  would  be  occu- 
pied by  its  prezygapophysis  ;  they  represent  the  distinct  halves  of  the  arch 
of  the  atlas.  At  the  superior  base  of  each  process  near  the  edge  of  the 
articulation  is  a  button  like  tubercle,  which  represents  a  prezygapophysis  ; 
tlie  inferior  articular  faces  correspond  with  those  of  the  occipital  condyles  in 
form  but  not  in  position,  which  is  inverted.  The  inferior  elements  of  the 
atlas  are  lost. 

The  iutercentra  are  rather  longer  and  more  elevated  in  the  sacral  region. 
One  only  can  be  properly  said  to  belong  to  the  sacrum,  and  this  is  closely 
united  with  the  one  that  follows  it  by  a  rough  surface  of  contact.  In  old 
animals  it  may  become  coossified.  What  the  relations  to  the  intercen- 
trum  immediately  preceding  may  be  I  am  unable  to  state,  owing  to  the 
condition  of  the  specimen.  A  pair  of  caudal  vertebrae  are  peculiar. 
Their  iutercentra  are  in  contact  throughout,  excluding  the  pleurocentra. 
The  latter  rest  above  the  iutercentra,  and  between  the  inferior  parts  of 
adjacent  neural  arches.  Each  intercentrum  supports  a  coossified  chevron 
bone,  and  these,  in  the  two  vertebrae  in  question,  become  coossified  with 
each  other,  forming  a  robust  rod  directed  backwards,  whose  double  base  is 
perforated  by  the  haemal  canal.  This  peculiar  structure  probably  belongs 
near  the  extremity  of  the  caudal  series,  as  the  anterior  caudals  observed  in 
other  specimens,  are  much  liks  the  dorsals. 

The  costal  articulations  are  everywhere  undivided,  and  have  an  oblique- 
ly vertical  extension.  The  articular  surface  extends  to  the  intercentrum 
in  the  E.  megacephaluSt  forming  a  short  superficial  depression  which  enters 
from  the  supero-postenor  border.  The  costal  surfaces  of  the  diapophyses 
become  more  robust  anteriorly,  and  ar&  more  narrowed,  especially  at  the 
middle  and  inferior  portions,  posteriorly.  The  diapophysis  of  the  sacral 
vertebra  is  very  robust,  and  presents  a  large  tubercular  face  downwards, 
and  a  little  backwards.  The  external  side  of  the  intercentrum  about  its  supe- 
rior angle  is  also  covered  by  a  large  capitular  facet,  and  the  two  facets  sup- 
port a  sacral  rib.  Tliis  element  is  much  more  robust  anteriorly  than  the 
true  ribs,  and  its  capitular  and  tubercular  facets  are  distinct  from  each 
other,  although  they  are  separated  by  but  a  slight  interruption.  The  body 
of  the  rib  is  plate-like,  and  is  directed  downwards  and  backwards,  its  union 
with  the  ilium  being  squamosal.  The  costal  elements  posterier  to  the 
sacrum  diminish  rapidly  in  size.  From  the  size  of  the  vertebrae  in  E.  meg- 
acepJutlus,  the  tail  is  probably  of  medium  length  only. 

The  coracoid  is  but  little  incurved ;  its  internal  border  is  convex,  and  is 
roughened  as  though  for  cartilaginous  attachment.  Its  superior  portion  forms 
a  convex  cnntinuum  with  the  scapula.  Tlie  direct  line  or  external  face  of 
the  scapula  extends  in  a  nearly  plane  surface  to  the  glenoid  cavity,  em- 
bracing a  perforating  foramen  above  the  latter,  precisely  as  in  the  Pefyeo- 
sauria.  Its  surface  is  continuous  anteriorly  with  a  wide  expansion  forwards, 
whose  fine  inner  border  is  continuous  with  that  of  the  coracoid.  This 
plate  doubtless  includes  a  third  element,  but  its  l)orders  are  not  preserved, 
on  account  of  the  obliteration  of  the  sutures.  It  is  probably  epicoracoid, 
^a  in  the  Pelyeoaauria.  In  its  form  it  is  less  produced  than  in  the  known 
scapular  arches  of  the  latter. 


The  oc)(kttlfl<Hl  (>elv{c  olomcnts  resombte,  in  their  coin  predion  ))e1ow«  the 
corres|K)ndiiig  parts  in  the  Anura.  Tlio  ilia  are,  hoNvevor»  shttrler  and 
worn  as  in  tiie  Urodela.  Thoy  are  flat,  and  stiiiid  at  riglit  angles  to  tlio 
line  of  the  ischiopubic  symplijsis.  There  is  an  o|)en  concavity  of  their 
inferior  posterior  fVce  border,  and  a  facet-bearing  elevation  on  the  inferior 
border,  or  that  entering  lnU>  the  formation  of  the  acetabulum.  The  latter 
is  large  and  half  as  long  agiUn  as  deep*  The  anterior  and  posterior  bordera 
of  the  |K)lvis  descend  regularly  to  tlie  inferior  edge,  forming  wiUi  It  atrlan- 
gle«  The  Iscliiadlc  or  posterior  Imrder  is  but  little  thickened  ;  the  anterior, 
or  pubic  is  flat  in  fhmt  and  presents  a  ix'verted  edge  outwards.  This  ex- 
(muds  prominently  where  it  Is  Joined  by  a  ridge  which  bounds  the  acetabu- 
lum Itelow  ;  it  tliere  contracts  to  an  Inferior  at>ex.  Beneath  the  anterior 
|H>lnt  of  the  acetabulum  It  is  pierced  by  the  usual  foramen,  which  Issues  on 
the  inner  edge  of  the  anterior  face,  just  alH)ve  the  symphysis. 

The  humeral  bones  of  this  genus  I  prol>ably  i)ossess  ;  but  I  have  several 
forms  between  which  I  am  not  able  to  decide*  They  arc  In  genenil  like 
Uiose  of  tlie  /^(.vecMrittrict,  but  dltier  fh)m  them  in  not  having  an  enclosed 
supracondylar  arterial  foramen,  but  only  the  buttresses  of  Its  encU)sing 
arch,  Tw^o  sucii  forms  I  have  already  descriluHi,*  and  a  third  has  Iwen 
obtained  fifom  the  Fn»nch  Permian  by  Professor  Gaudry,  One  quite 
similar  to  the  latter  I  have  since  obtalnml  fkx)m  Tex)\s,  Not  having  been 
able  at  first  to  determine  the  pr^iper  reference  of  these  humeri,  I  suggested 
to  Prof,  Gaudry  that  his  humerus  belongs  to  one  of  the  l^lycoMuria,  and 
he  accordingly  described  It  as  KufMroaaurm  n>cKeL\  I  now  think  that 
there  is  greater  reason  for  believing  that  It  belongs  to  a  s|H)cles  of  the  same 
group  as  Erjfop*  and  v4etififKi«>M, 

In  all  these  lutmerl  the  extremities  arc  ex|>anded  In  dltfbrent  planes,  and 
the  shaft  ctmtracteil.  The  articular  surface  of  the  pmximal  extremity  Is 
liand-iike  and  passes  obliquely  trom  one  side  to  the  other  as  in  the  /Vlyro- 
SftMriVt,  The  cimdyles  are  large,  consisting  of  a  globular  iK)rtlon  and  a  de- 
pressed trochlea  without  ridges  at  one  side  of  It, 

The  femora  are  very  dlfterent  (Vom  the  humeri,  but  In  much  the  same 
way  as  In  the  corres|K>nding  bones  of  existing  Batrachia.  There  aix) 
no  condyles  at  either  extremity,  but  outlines  of  such,  enclosing  roughened 
surf)ioes«  These  look  as  though  the  bases  of  attachment  of  cart llauci  nous 
caj>8  or  epipliysos.  The  proximal  extremity  is  convex,  and  Is  extended  in 
one  direction.  One  bonier,  the  anterior,  Is  reguhirly  gently  convex ;  the 
opiiosito  arc  Is  strongly  convex  near  one  end  only.  The  articular  face  is 
in  two  planes,  one  larger  than  the  other.  The  trochanteric  fossa  is  at  first 
shallow,  and  occupies  the  entire  width  of  the  l>one,  it  narrows  with  the 
shaft  downwanls  and  the  bottlers  rise,  one  more  than  the  other.  The  two 
join  in  a  strong  pn>luberance,  which  looks  diit»ctly  Imckwanls,  and  may  be 
aUleil  for  the  present  the  thinl  trochanter.  The  shaft  is  keeled  below  and 
in  continuation  of  the  tn>chanter,  to  where  it  ex)Xinds  for  the  dlsUU  articu- 

•  Palcontol,  RnUetln, «»,  IHTS,  p. »'»), 
t  Uullottn  Sw,  Giul,  Kmiiw,  IHhj.,  1878. 
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Inr  extremity.  The  latter  looks  partly  downwards,  and  is  divided  by  a 
deep  groove  above  into  two  parts  representing  the  usnal  condyles.  One 
of  these  Is  comparatively  depressed,  while  the  other  has  a  massive  superior 
crest,  which  makes  its  long  fixis  vertical  instead  of  horizontal,  as  is  that 
of  the  other  condyle.  • 

There  is  considerable  resemblance  between  this  femur  and  that  of 
DifMirodon  gigas,  and  in  a  less  degree  to  that  of  Cl&psydrops  natalis,  but 
both  the  latter  have  well  developed  condylar  surfaces.  They  are  also 
larger  in  proportion  to  the  size  of  the  rest  of  the  skeleton,  in  the  Pelyeosau- 
riant  mentioned. 

Further  characteristics  of  this  genus  and  of  the  species  it  embraces  will 
bo  given  at  a  future  time. 

TRIMERORHACHIS  Cope. 

American  Naturalist,  1878,  p.  328  (April  22).  Proceedings  American 
Philos.  Society,  1878,  p.  524. 

This  genus,  as  has  been  pointed  out,  differs  from  Eryops  in  the  super- 
ficial character  of  its  vertebral  ossifications,  and  in  the  absence  of  ossified 
neural  spines. 

A  well-preserved  cranium,  and  portions  of  several  others  referable  to 
this  genus,  furnish  characters  which  have  been  hitherto  inaccessible.  They 
probably  belong  to  the  T.  insignis,  but  this  is  not  certain. 

Oeneric  Characters,  etc. — The  type  of  skull  is  that  of  the  order  of  Stego- 
cephali  generally.  The  superior  walls  are  thin,  and  are  sculptured  on  the 
superior  surface.  The  mucous  grooves  are  distinct,  but  do  not  form  a 
well-defined  lyra.  There  is  a  groove  which  is  parallel  to  the  anterior 
borders  of  the  orbit  for  a  short  distance,  and  which  then  turns  forwards 
and  then  inwards.  The  dermal  ossification  is  distinguished  from  that  of 
the  maxillary  bone  by  a  squamosal  suture.  A  mucous  groove  descends  to 
it  obliquely  forward  from  the  superior  quadrate  region,  and  sends  a  branch 
at  right  angles  to  its  anterior  extremity  to  a  point  posterior  to  the  orbit. 
Of  superficial  ossifications,  the  boundaries  are  diflacult  to  determine,  owing 
to  the  obscurity  of  the  sutures.  Enough  can  be  seen  to  demonstrate  the 
presence  of  supramaxillary,  epiotic,  and  supraoccipital  dermal  bones.  The 
nostrils  are  large  and  well-separated,  and  look  upwards. 

The  teeth  are  acute,  and  of  subequal  size ;  their  superficial  layer  is 
deeply  infiected  at  the  base. 

The  parasphenoid  bone  is  wide  posteriorly,  but  contracts  abruptly,  and 
extends  forwards  on  the  middle  line.  Owing  to  crushing  of  a  part  of  the 
surface,  I  am  unable  to  ascertain  its  anterior,  or  vomerine  suture.  The 
basifacial  axis  bone  is  quite  narrow,  and  is  edentulous.  It  is  connected  with 
the  superior  cranial  walls  by  a  vertical  osseous  plate  on  each  side,  which 
may  represent  alisphenoid,  orbitosphenoid  and  ethmoid.  The  palatoptery- 
fijoid  arch  is  a  longitudinally  extended  sigmoid,  enclosing  with  the  axial 
elements,  an  enormous  cboanoorbital  foramen.  It  extends  from  the 
middle  line  below  a  short  distance  posterior  to  the  position  of  the  nostrils 
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outwards,  and  follows  closely  the  maxillary  bone  well  posteriorly.  It  then 
turns  inwards,  extending  to  the  parasphenoid  bone,  with  the  wide  portion 
of  which  it  has  an  extensive  contact.  It  then  turns  outwards  as  pterygoid 
bone,  and  rapidly  narrowing,  joins  the  inner  distal  extremity  of  the  quad- 
rate. It  thus  encloses  a  foramen  with  the  quadratojugal  bone,  which  is 
much  smaller  than  the  choanoorbital  foramen.  The  posterior  part  of  the 
inferior  surface  of  the  bones  of  this  arch,  not  including  the  slender  ptery- 
goid portion,  is  roughened  with  hard  nodules  resembling  teeth  in  material, 
and  serving  the  purpose  of  such  organs. 

Two  rod-like  bones  extend  outwards  and  backwards  from  the  posterior 
part  of  the  parasphenoid  and  the  basioccipital,  which  belong  to  the  inferior 
arches.  The  anterior  is  the  larger,  and  is  bent  backwards  at  an  obtuse 
angle  ;  its  proximal  extremity  is  a  truncate  oval.  This  bone  occupies  the 
position  of  the  stapes.  The  second  is  extensively  in  contact  with  the  basi- 
occipital by  its  proximal  extremity.  It  is  curved  backwards  at  its  distal 
third.  The  occipital  condyle  is  represented  by  a  fish-like  cotylus,  which 
has  a  deep  notch  at  its  superior  border. 

The  mandible  has  a  short  angular  process,  vertical  by  lateral  compres  • 
sion.  The  symphysis  is  very  short  and  the  Meckelian  cavity  large,  and 
completely  enclosed. 

The  anterior  cervical  vertebrae  consist  of  the  same  elements  as  the  dorsals. 
The  intercentra  of  the  second  and  third  vertebrae  support  capitular  costal 
articulations,  somewhat  elevated  above  the  surrounding  level.  Tlie  pleuro- 
centra  do  not  support  the  ribs,  but  the  neural  arches  terminate  below  in 
diapophyses.  There  is  a  pleurocentrum  in  front  of  the  second  intercentrum, 
and  above  and  in  front  of  it  a  neurapophysis,  which  has  no  distinct  diapoph- 
ysis.  Its  superior  portion  is  a  subacute  process  which  is  not  in  contact 
with  that  of  the  other  side,  but  is  separated  from  it  by  a  vertical  osseous 
plate,  which  is  probably  the  neural  spine  of  the  second  vertebra  or  axis. 
This  is  similar  to  the  structure  already  observed  in  Eryops,  and  the  parts 
being  in  place,  should  explain  those  of  that  genus.  The  portion  of  the 
atlas  which  represents  the  intercentrum  is  divided  into  two  lateral  portions, 
each  of  which  has  the  form  of  an  entire  intercentrum,  i.e.,  crescentic. 
The  intercentrum  of  a  cervical  of  a  large  species  of  this  group,  is  wider 
than  that  of  the  other  vertebrae,  and  presents  two  articular  facets  anteriorly. 

Specific  Characters. — The  skull  is  flat  and  rather  wide,  the  length  ex- 
ceeding a  little  the  transverse  posterior  diameter.  The  posterior  borders 
of  the  orbits  mark  a  point  half  way  between  the  extremity  of  the  muzzle, 
and  the  posterior  supraoccipital  border.  The  orbits  themselves  are  of 
medium  size,  and  are  separated  by  a  space  about  equal  to  their  transverse 
diameter.  Their  form  is  a  wide  oval,  with  the  long  axis  obliquely  antero- 
posterior. The  diameter  of  the  external  nostril  is  nearly  half  that  of  the 
orbit,  and  the  form  is  similar  to  that  of  the  latter.  The  interorbital  and 
ethmoid  regions  arc  concave  ;  the  prefrontal  regions  are  convex.  The  su- 
praoccipital border  is  strongly  concave ;  and  the  notch  separating  the 
epiotic  angle  from  the  quadrate  angle  is  as  di3ep  as  the  supraoccipital.   The 
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surface  of  the  cniniTim  is  thrown  into  wrinkles  wtiich  form  no  regular  pat- 
tern, and  which  inosculate  to  a  moderate  extent,  most  so  on  the  preorbital 
region.  The  anterior  parts  of  the  maxilliary  and  mandibular  bones  are 
marked  with  small  pit- like  impressions. 

Measurements.  M. 

Total  length  to  quadrate  angles  measured  on  median 

line 170 

Length  to  supraoccipital  border. 138 

Total  width  posteriorly 155 

Width  at  orbits 095 

"     between  orbits. .  .• 031 

**     at  narcs 062 

**     between  nares 030 

Long  diameter  of  orbits 026 

Transverse  diameter  of  occipital  cotylus 012 

This  cranium  is  much  shorter  and  wider  than  that  of  Archegosaurus 
deeheniy  and  has  the  orbits  more  anteriorly  placed. 

CROSSOPTERYGIA. 

ECT08TE0RHACHIS  Cope,  gen.  nov. 

Tribe  Crossopterygia ;  family  RhombodipteridcB  Traquair;  sub-family 
Saurodipterini  Huxley.  Pectoral  and  ventral  fins  rather  acutely  lobate, 
with  few  or  no  radii  on  their  external  borders.  Dorsal  and  anal  fins  un- 
known. Scales  imbricate,  rhombic,  smooth.  Ganoine  wanting  from  top 
of  head  in  specimens  examined,  but  present  on  sides  and  inferior  surfaces. 
Coronal  suture  distinct.  End  of  the  muzzle  covered  with  separate  scales. 
Distinct  sub-  and  postorbital  bones.  Gular  bones,  an  anterior  azygus  and 
two  laterals  on  each  side,  the  posterior  the  shorter.  Teeth  acutely  conic, 
rather  small  ;  a  few  large  ones  at  the  anterior  part  of  each  jaw.  Verte- 
bral centra  represented  by  osseous  rings  which  enclosed  a  notochord. 

This  new  genus  is  apparently  nearly  related  to  Megalichthys,  and  in  a 
less  degree  to  Osteolepis  and  Diplopterax.  Pander,  Miller  and  others  repre- 
sent the  ventral  fins  of  the  two  genera  last  named  as  not  lobate,  but  sessile,  a 
state  of  things  entirely  different  from  what  is  observed  in  Ectosteorhachis. 
The  sub-division  of  the  dermal  bones  of  the  muzzle  is  also  rather  character- 
istic of  Megalichthys.  From  the  latter  genus  it  differs  in  the  form  of  the 
vertebral  centra.  Both  Agassiz  and  Huxley  describe  those  of  Megalichthys 
as  completely  ossified,  and  as  biconcave.  In  Ectosteorhachis  they  are  repre- 
sented by  annular  ossifications  resembling  somewhat  those  of  the  stego- 
cephalous  genus  Gricotus,  but  with  a  larger /9rawi«7i  chordcB  dorsalis. 

The  elongate- lobate  axis  of  the  fins  of  this  genus  render  it  probable  that 
those  of  Megalichthys  present  the  same  character. 

Ectosteorhachis  nitidus  Cope,  sp.  nov. 

This  fish  is  represented  by  several  specimens,  the  best  preserved  of  which 
includes  the  head  and  body  inclusive  of  the  ventral  fins.  These  form  an 
ichthyolito  nearly  denuded  of  matrix,  the  inferior  side  being  best  preserved. 
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No  indlcHtions  of  dorsal  fin  are  to  be  found  in  the  spoclmon,  and  those 
which  exiat  must  originate  behind  a  point  al)ove  the  base  of  the  ventral 
fins.  Tlie  pectonU  fins  od^cinato  t\irtlier  boliind  tlie  head  than  ia  usual. 
The  vontmis  arc  well  (posterior,  and  close  together. 

The  sicull  is  tnvnsveraely  ftiictured  at  the  coronal  suture,  as  I  suppose  it 
to  be»  which  divides  the  front,  just  anterior  to  the  point  of  attaclnnent  of 
the  hyomandibular  bone.  At  the  antero  external  angles  of  tlio  (mrietals,  are 
distinct  post- frontal' bones  of  a  sub-triangular  form,  which  send  a  proouMs 
I)osterior]y  from  their  external  angle.  Tlie  hyomandibular  pi^esents  a  nar- 
row convex  external  edge,  and  is  directed  backwards  and  downwards.  It 
loaves  a  wide  space  posterior  to  the  postorbital  lK)nes.  Of  the  latter  there  are 
two,  the  inferior  connected  with  the  front  of  the  orbit  by  a  single  wide, 
8ulK)rbital  bone.  The  orbits  are  as  much  lateral  as  vertical,  and  are  in 
(Vont  of  a  transverse  line  dividing  tiie  skull  equally.  The  muzzle  is 
broadly  rounded,  aud  is  covered  with  rounded  plates  of  ganoine.  Several  of 
these  have  median  perforations.  The  opercular  apimnvtus  is  obscured  by 
matrix  in  the  specimens ;  a  small  bone  lies  on  the  inferior  part  of  tlie  sus- 
pensorium  on  lK)th  sides,  and  may  be  tlie  preoperculum.  The  top  of  the 
head  behind  the  muzzle  is  entirely  without  ganoino  layer  in  two  speci- 
mens ;  its  surface  Is  smooth,  or  weakly  finely  ridged.  On  the  other  hand, 
the  premaxillary,  maxillary,  mandibular  and  gular  bones  are  invested 
with  perfectly  smooth  ganoine. 

The  pectond  fins  are  quite  wide,  and  tlieir  rays  diverge  exclusively  fhmi 
the  inner  l)order,  and  are  very  fine.  Tlie  axial  ()ortion  is  tliiok  and  acu- 
minate, and  hi\a  no  fhlcra  on  the  external  edge,  but  is  covered  with  quad- 
rate and  rhomlK)idal  scales,  of  very  much  smaller  size  than  those  of  the 
boily.  The  axial  portion  of  the  ventral  fins  is  not  quite  so  large  as  that  of 
the  pectoral. 

The  scales  of  the  body  are  quite  large  and  overlap  each  other  by  both 
the  firee  edges.  Though  their  form  Is  rhombic,  tiio  apex  is  rounded.  The 
surface  is  ganoid,  and  entirely  smooth.  Tiiere  are  live  rows  between  the 
internal  bases  of  the  ventral  fins,  and  twelve  between  the  external  iMises  of 
the  pectorals.  Tlie  gulars  of  the  posterior  pair  are  about  as  long  tis  those 
of  the  anterior.  There  are  anteriorly  one  and  posteriorly  two  rows  of 
plated  between  the  anterior  gulars  and  the  mandible. 

This  fish  was  probtibly  three  feet  in  length. 

Length  of  head  to  base  of  tirat  distinct  lateml  body  scale 

(|x>sterior  bonier  of  skull  damaged) 101 

Length  to  base  of  pectoral  fin ISO 

**       (axial)  to  canthus  oris 077 

*'      of  skull  to  coronal  suture MM 

'*  **        **  anterior  border  of  orbit 031 

Width        *«       at        ••  *•  **     005 

"     of  ftont  between"  **  •*    0:m         , 

'*        *'       at  coronal  suturo 030 
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Width  of  !(k\il1  at  ctmthuii  oriA 145 

Lonjxth  of  Interior  inmino  ttH)th , . «   .(HH) 

Witlth  holwiH'n  lmj*rH  of  jM»ol<in4la,  •.»... IW4 

lion^th  of  iMunU  axist  of  (HuHoral •  Mi) 

*«        **  vnural OJW 

Width  lHn\ve<>n  Iwios  of  vontnOs 08U 

I)iainotor»  of  i>\|H^iHl  iHirts  of  an  alnloku-  (  ftut>  luui  afl. .  .Old 
inal  Hoato  (  longitvuliual..  .Ot«5 

Tlio  Mcijttth'hfhf/a  hihhrrti  Ajr.,  wliioh  tlUs  !»|Hvlt»!»  n^somblon  in  «oi«o  tlo- 
givo,  is  ivpivnonun!  by  autliow  «*»  Imviujt  tho  soalos  minutoly  ijranuUUod 
on  tho  »urt»HH»»  The  pinoino  layer  also  oovoi^h  tlio  »uiHM*it)r  »urfaro  of  ti\o 
HkuU,  a  iHKHiliarity  whicli  in  noi  pmsont  in  tho  AV^i^t/inir/nirAw  mfnim. 

Kxn.ANATtON  OF   FlUl)Ul». 

Fi^ituw  I.— ^SArwH  0/  /iVyt»/«  w<«»/<|4v;*/mIw4  fh>m  above,  ouu  flIUi  uatnml 

sii^tv 
Fig.  d.  — Tlu»  «ame  »k«i!,  pwtUe. 
FIjt.  8.— 'Tlu»  s»u«t»  fl\mi  Ih»Iow. 

FijT.  4.— ManOihuiar  mmust  f^^on^  a)H>vo«  ono- fourth  natuml  (tixe. 
Fijr.  tV— A  hirj^>  |>arl  of  the  Yortet>ral  iH>lMnm  of  a  aewnti  spocimeu  fh»iu 

tlie  loft  Hido«  one-fourth  natunU  8iKe. 
FIjt.  tt.  —Tho  »aino  tVoni  below. 
Fig.  7.- Anterior  view  of  athui  and  axis.  natunU  ai^e. 
Fljt.  8,— ro«torior  view  of  a  dorwU  veitebra,  natuml  sine. 
Fig.  U.— Inferior  ^uri  of  dctipuhi  with  wmwid,  of  {Mime  animal,  external 

siiie. 
Fig.  111.— Sjvme.  Interno-^Mwterlor  view. 
Fig.  11.— Poivi»  of  tlie  same  ImUvldual,  lelX  »iiio. 
Fig.  li.— 8»Mms  ftxmi  t^\>nt. 
Fig.  18.— Same,  ft>om  l^ehinil. 
Fig.  14*— Same,  tVom  beUuv» 
Fig.  1«V— Femur  of  aame  imUviduaU  fhmnUmve, 
Fig,  1(1.-  Siime,  from  beiow  and  belilnd. 
Fig.  17.    PmxlnnU  end. 
Fig.  lU,— Di^tn!  end. 

Fig.  ^K— Inferior  view  of  skull  of  ^»«/»f't/«Wc«.«  mM*tvt\  onehalf  natunil 

si/o. 
Fig.  ^^l.    Ptvitorior  view  of  the  wune  «kull.  half  natun^l  siy.e. 
Fig.  *J.?-'^i5.— !iono.s  of  !h$Mft\*ihn  ♦Wm«Vm«,  one-fourth  natural  sIko,  Ihm^ 

a  single  individual. 
Fig.  ^^^.>   Knd  of  nuurlo.  left  side. 

Fig.  4Ji.-  UatenU  view  ol  a  largt*  mrt  of  the  vertebml  column. 
Fig.  ^4.  "Thirieonth  vertobim'laoRing  the  summit  of  the  neuml  sj^lne,  ftxuu 

behind. 
Fig.  v}A.     Fourtet»nth  vortebm,  lueklng  apex  of  neunvl  spine,  n^>m  f^uU, 
Fig.  VHt.     NInettvnth  vorlobm  of  stuuo  skeleton,  lacking  nuwst  of  neunil 

spine,  U\m\  l>ehind,  two  thi^^ls  nutumi  .^i/.o. 
Fig.  '^^    S<u  lum  of  .stMue  th>m  t^xuU,  iwo-thiixls  natunU  si<o. 


Stated  Meeting,  May  21,  1880, 
Present,  7  members. 

President,  Mr.  Fralby,  in  the  Chair. 

A  letter  accoptinaf  membership  was  received  from  Dr. 
Wm.  Thomson,  dated  1502  Locust  street,  Philadelphia,  May 
1, 1880. 

Letters  of  acknowledgment  wei*e  received  from  the 
Royal  Observatory  of  Prag,  dated  April  24, 1880  (102, 103); 
Natural  History  Society  of  Newcastle-upon-Tyne,  April  28 
(108, 104) ;  Brown  University,  in  Providence,  R.  L,  May  1 
(105);  Maryland  Historical  Society,  Baltimoi^e,  May  11 
(105) ;  Smithsonian  Institution,  Washington,  May  8  (105) ; 
U.  S.  Naval  Observatory,  Washington,  May  10  (105) ;  Hamil- 
ton College,  Clinton,  N.  Y.,  May  8  (105) ;  and  the  Davenport 
Academy  of  Natural  Sciences,  May  4  (105). 

Lettera  of  envoy  wei*e  received  from  Hofrath  Adam 
Froiherrn  Von  Burg,  dated  Vienna,  January,  1880 ;  the 
Society  of  Physics,  Geneva,  January  13  ;  the  Natural  His- 
tory Society,  Marburg,  January,  1880 ;  and  the  K. 
Leopoldinisch-CaiX)linischen  Akademie,  Halle,  a.-S.  Jan- 
uary 2. 

A  letter  was  received  from  Charles  Kraus,  dated  April  26, 
1880,  Pardubitz-Bohemia,  asking  for  the  Proceeding  of  tlie 
year  1879. 

A  letter  was  received  from  the  U.  S.  Naval  Observatory, 
asking  for  Proceedings  Nos.  5,  67, 68,  93.  On  motion  it  was 
referred  to  the  Secretaries  for  action. 

Donations  weix)  received  from  the  Royal  Society  of  New 
South  Wales  ;  the  Observatories  at  the  Ca^ie  of  Clood  Hope, 
St  Petereburg,  and  Qreenwich;  Academies  at  St.  Petew- 
burg,  Dresden,  Dijon,  and  Brussels ;  Vereines  zur  Befoixle- 
rung  des  Qartenbaues,  Berlin;  Anthropological  Society, 
K.  K.  Geological  Committee,  and  Hofmth  Adam  Froi- 
herrn von  Burg,  Vienna ;  Editors  of  the  Zoologischer  An- 
Eeiger,  Leipsig ;  Royal  Society,  Qottingen ;  Zoological  Gar- 


den,  Frankfort,  a.-M. ;  Editors  of  the  Xenes  Laositzisches 
Magazin,  Gorlitz ; '  Natoral  History  Society,  Marborg^ ; 
Physical  Society,  Geneva ;  Biireaa  des  Longitodes,  Society 
of  Antiquaries,  Annales  des  Mines,  and  Editors  of  the 
Revne  Politique,  Paris;  Physical  and  Geographical  Socie- 
ties, Bordeaux  ;  Editors  of  the  Revista  Euskara,  Pamplona  ; 
Royal  Institution,  Royal  Geographical  Society,  Meteorologi- 
cal Society,  Editors  of  Nature,  and  Lords  of  the  Adnnralty, 
London  ;  Glasgow  Geological  Society  ;  Editors  of  the  Cana- 
dian Naturalist,  Montreal;  Massachusetts  Historical  So- 
ciety; Peabody  Museum,  and  Museum  of  Comparative 
Zoology,  Cambridge;  Editor  of  the  North  American  En- 
tomologist, and  Young  Men's  Association,  Buffalo;  Mr. 
Barclay  and  Mr.  Henry  Phillips,  Jr.,  Philadelphia;  the 
Bureau  of  Education,  and  Mr.  Asaph  Hall,  Washington; 
Cincinnati  Society  of  Natural  History;  State  Historical  So- 
ciety, Madison,  Wisconsin ;  Missouri  Historical  Society,  St. 
Louis;  and  the  National  Museum,  Mexico. 

Mr.   Henry  Phillips,  Jr.,  read  a  paper  entitled,  "Some 
recent  discoveries  of  stone  implements  in  Africa  and  Asia.'' 

Prof.  Cope  made  some  remarks  "On  certain  Tertiary 
Strata  of  the  Great  Basin." 

In  Vol  I  of  the  Report  of  the  United  States  Geological  Survey  of  the 
Fortieth  Parallel,  page  893,  the  able  author,  Mr.  King,  has  described  an 
extensive  series  of  beds,  including  many  laminated  shales,  which  are  found 
in  the  northern  part  of  Nevada,  as  constituting  an  extension  of  the  Green 
river  formation  west  of  the  Wasatch  mountains.*  He  states  that  they 
contain  the  same  species  of  fossil  fishes  as  those  of  the  Green  river  epoch. 
I  published  the  Urst  notice  of  this  formation,  which  I  examined  at  Osino 
and  at  Elko,  Nevada,!  and  described  from  it  two  species  of  fishes,  which  were 
referred  to  genera  previously  unknown,  viz  :  Amyzon  and  TrichophaneR. 
These  genera  have  not  been  found  represented  in  the  fish  fauna  preserved 
in  the  Green  river  shales,  which  embraces  eight  genera  and  twenty-four 
species.  But  they  occur  in  several  species  and  specimens  in  the  South 
Park  of  the  Kocky  mountains  of  Colorado,  associated  with  the  genera  Bhin- 
eftntes  and  Amiaj  neither  of  which  has  yet  been  found  in  the  Green  river 
formation.  The  first  named  is  common  in  the  Bridger,  but  in  a  different 
form,  and  the  generic  identity  is  not  yet  fully  established.     The  Amia  is 

•  1.  c.  I.  T).  808. 

t  I'rocoedlngs  Anier.  Phllos.  Hoc.    1872,  p.  468. 
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represented  In  tlu*  Brldger  by  P<»ppi>My«»  but  In  the  former  genera  the 
ohamcterlstic  parts  have  not  yet  been  seen  in  the  South  Park  siH'cimens,  90 
that  here  also  the  dotcrmination  of  the  j^enus  is  not  ftnal»  It,  however,  re- 
mains that  thitii  fish  fUuna  is  dilibroat  ttom  that  ot  the  Green  Hirer  beiis, 
and  tlto  mtHlern  aspect  of  the  genera  |)oints  to  an  age  even  later  than  tiie 
Bridger.  It  is  evident  tliatthe  iHMiinence  of  this  series  of  K>cks  to  the  Green 
River  formation »  assert eil  by  King«  ctuinot  ho  maintained. 

In  the  American  Naturalist  for  May»  1879,  I  nanuni  the  strata  of  this 
eiKKh  that  of  tiie  Amyxon  Innis,  fh>m  the  characteristic  genus  which  it 
includes,  and  refer  It  to  tlie  later  Eoct»ne  or  eiirly  Miocene  eras,  It4a  fish 
fauna  includes  ten  s|)ecies,  distributed,  as  ft>llows  :  TrithophaH$$  Coi^e,  8 
s|>. ;  AmjfBOH  Co|>e,  4  sp.;  JihiH&a9tM  Oope»  1  sp, :  Amia  L.,  d  sp. 

There  is  a  series  of  ctUcareous  and  silico -calcareous  In^ds  in  Central  Utah 
in  Sevier  and  S(\n  Pete  counties,  which  contain  the  remains  of  different 
s|KH:ies  of  vertebrates  fhim  those  which  have  l>een  doriveil  fh>m  either  the 
Green  River  or  AmyrA)n  IkhIs,  These  are  Kmy$y  sp.;  OrwodHiM^  sp, ; 
VUi»f4»  euf^niiii  Co^ve,  and  a  fish  pn>visionally  referred  to  Priacaeam  under 
the  name  of  P,  te^ttUiUmirM  Coi>e.  l)r,  Hayden  first  directed  my  atten- 
tion to  these  fitssils,  and  I  am  iudel)teii  to  the  kindness  of  the  director  of 
the  Museum  of  Salt  Lt\ke  for  the  loan  of  s|x^oimens.  I  af\erwarils  sent  a 
collector  to  the  region,  and  ho  obtaineii  a  number  of  fi>ssils. 

There  is  nothing  to  determine  to  which  of  the  Eocenes  this  formation 
should  bo  referred,  but  it  is  tolembly  certain  that  it  is  to  be  distinguished 
fi^)m  the  Amy  son  lM>ds.  In  its  petr*)graphic  characters  it  Is  most  like  the 
Green  river,  as  it  consists  in  large  |n\rt  of  shales.  The  laminie  are  gener- 
ally thicker  than  those  of  Green  and  Bear  Rivers.  The  gi»nera  Cn>ciKlilu8 
and  Clastes  have  not  l)een  found  hen»tof^)re  in  Green  River  beds,  although 
they  are  abundant  in  the  formations  dct>osit(.Hl  betora  and  at\er  that  |>eritHi. 
Until  its  pro^HT  position  can  be  tiscertaineii,  I  propositi  that  the  formation 
be  cdleil  the  Manti  Ih»iIs.    (Si^e  Americiui  Naturalist,  April,  1880.) 

The  regions  of  the  «Tohn  Day  River  and  Blue  Mountains,  Airnish  seel  ions 
of  the  fonnations  of  Centnil  Oregtm.  Above  the  Loup  Pork  or  Upi>er 
Miocene,  there  is  a  lava  out-flow,  which  lu»  fVirnished  the  materials  of  a 
later  lacusttine  fbrmatlon,  which  contains  many  vegetable  remains.  The 
material  is  coarse,  and  sometimes  gravelly,  and  it  is  found  on  the  Columbia 
River,  and  I  think  also  in  the  interior  basin.  P.n>f.  Condon,  in  his  unpub- 
lishcil  notes  cM  this  the  Dalles  Group.  It  is  in  turn  overlaid  by  the  beds 
of  the  second  great  volouiic  outflow.  Below  the  Loup  Fork  follows  the 
Truckee  Group,  so  rich  in  extinct  ntammalia,  and  below  this  a  formation  of 
shales.  These  are  comixweil  of  flne  material,  and  vary  in  ctilor,  fh>m  a 
white  to  a  |>ale  brown  and  reddmh-brt>wn.  They  ctmtain  vegetable  remains 
in  excellent  preservation,  and  undeterminable  flshes.  The  TaxotUutn 
nearly  resembles  that  fh>ni  the  shales  at  Osino,  Nevada,  and  on  \'arious 
gtounds  I  sus|K'ctthat  these  beds  form  a  ]>art  of  the  **Amywm  Gnmp'* 
(American  Naturalist,  June,  1880).  with  the  shales  of  Gsino  and  of  the 
Stmth  Park  of  Colorado.    Below  these,  is  a  system  of  flno  grained,  some- 
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times  shaly  rocks  of  delicato  gray  buff  and  greenish  colors,  containing 
calamites,  which  Prof.  Condon  calls  the  Calumite  beds.  Their  age  is  unde- 
termined. 

In  the  existing  Geological  maps  of  Oregon,  the  Coast  range  is  represented 
as  composed  of  Archaean  rocks.  This  is  a  serious  error.  Prof.  Newberry 
has  already  stated  (U.  S.  Pac.  R.  R.  Surveys,  Vol.  VI,  pt.  II,  p.  29),  that  the 
fossils  of  the  range  are  of  an  age  not  older  than  the  Miocene.  The  unpub- 
lished notes  of  Prof.  Condon,  formerly  State  Geologist,  state  that  the  back 
bone  of  the  Coast  range  consists  of  argillaceous  shales  which  contain  inver- 
tebrate and  vertebrate  fossils,  frequently  in  concretions.  Some  of  the  latter 
are  Physoclystous  fishes,  with  stnmgly  ctenoid  scales.  To  this  formation, 
Dr.  Condon  gives  the  name  of  Astoria  shales.  Above  this  is  an  extensive 
tertiary  deposit,  rich  in  Mollusca,  which  is  usually  interrupted  by  the  cen- 
tral elevations  of  the  mountain  axis.  Prof.  Condon  refers  this  to  an  Upper 
Miocene  age,  under  the  name  of  the  Solen  beds.  On  the  flanks  of  the 
mountains,  tliis  is  overlaid  by  a  pliocene  formation,  containing  some  of  the 
fossils  of  the  Equus  beds  of  central  Oregon.  This  is  both  underlaid  and 
overlaid  by  basalt,  and  other  volcanic  products. 

Dr.  Hayden  made  a  few  remarks  further  illustrating  the 
same  subject. 

The  Report  of  the  Board  of  Officers  and  Council  was  sub- 
mitted. 

Mr.  Eli  K.  Price,  Chairman  of  the  Committee  on  the 
Michaux  Legacy,  reported  that  the  copy  of  the  portrait  of 
Mr.  Michaux,  as  ordered  by  the  Society,  had  been  executed, 
and  that  he  had  inspected  the  same  at  the  rooms  of  the  So- 
ciety; that  the  likeness  was  good  and  that  after  certain 
changes  in  the  background  that  he  would  recommend  its 
acceptance  by  the  Society. 

Pending  nominations  Nos.  904  and  909-917,  and  new 
nominations  Nos,  918  and  919  were  read. 

And  the  meeting  was  adjourned. 


8om«  r^ent  di9c<n>eH$$  of  $ton$  itnpUmenU  in  Afrka  and  A9u%*    Bjf  Henry 

PhiUii^,  Jr.,  A.  M. 

(Head  b^om  th$  Am$Hoin  Phih^opKititl  SoeMy,  Jtfit^  St,  1880.) 

AVlthln  the  last  (Vnv  yoars  tho  sclenco  of  Archeology  h»8  n>celvtHl  imvny 
nddltions  ihmugh  discoveries  of  stone  Implements  and  ^vea(x)ns  in  the  crti- 
die  lands  of  the  human  race.  A  lithic  age  (whetlter  exclusively  so  or  not) 
seems  to  have  existed  In  the  dominions  of  the  Plmraohs»  and  in  tlie  lumio 
of  the  VedaSi  as  well  as  in  the  rest  of  the  habit^ible  world.  To  exhibit  a 
short  r^sum^  of  what  has  boon  lately  f\)und  in  Asia  and  AfVicti  is  iivy  ob* 
Ject  this  evening. 

In  the  Bulletin  of  the  Egyptian  Institute  for  IJ^OO,  *70,  '71.  thert)  is  much 
interesting  and  importtuU  matter  relating  to  dismtverles  In  Egypt.  At  the 
UH'eting  of  the  Institute  held  In  DocemlHtr»  1809,  M.  Lei)slus  stt\te<l  that» 
acting  uiton  Information  received  ft'om  M.  Leuormant.  he  had  visited  the 
plHce  of  an  alleged  And  of  stone  Implements  In  the  nelghlmrhood  of 
Thebes.  That  he  had  found  them  In  that  place  by  the  thousands  ;  that  in 
fact  they  were  scatlewd  In  prt>l\islon  throughout  the  entire  desert.  M. 
Arcelln,  a  German  dwelling  In  Upper  Egypt»  re|H)rted  that  ho  had  found 
similarly  formed  Implements  in  depi>sits  later  than  the  tertiary  iH^rknl. 

At  the  seance  of  April,  1870,  Dr.  Ualllaixlot  referred  to  the  discoveries  re- 
IMirted  by  M.  Arcelln  at  Caln>,  of  Hint  lmplements»  of  whose  origin,  use  and 
authenticity,  tliere  cimld  not  Iw  the  faintest  suspicion  of  doubt.  These  were 
Ibund  by  Mariette  Bey  in  the  toml)s  at  ^iqqamh.  together  with  ornaments 
formed  of  cockle  shells.  It  seems,  however,  that  these  relics  aih)  not  of  the 
oldest  stone  age>  but  may  be  as  recent  as  Uie  historical  period  of  Egypt. 

In  the  tombs  at  Oourmah.  which  conte  down  so  late  as  the  eleventh 
dyntistyi  vast  quantities  of  barl)s  are  found,  whose  iH)lnts  are  sometimes  of 
wotxi  haniened  by  the  action  of  Are.  and  sometimes  are  made  of  si  lex  or 
ilsli  iKtnes.  It  is  a  very  remarkable  Au't,  that  In  all  the  remains  of  Phara* 
onlc  antiquity  even  down  to  the  totnl)S  of  the  UrtH^lan  e^^och,  no  metal 
arrow-heads  have  over  been  discovered  ;  it  is  the  Grecian  sepulchres  that  are 
the  first  to  afford  bronxe  |X)ints.  The  Egyptian  Implements  an^  stUd  to  lack  the 
)>atina  which  age  genenilly  bestows  upon  genuine  Implements.  This  Inis 
t)een  urged  against  them  as  an  argument  to  pn)ve  they  wero  not  of  the  em 
to  which  they  wero  sup|Hised  to  beUmg.  But  It  Is  siUd.  that  the  very  oldest 
of  all  the  primitive  sllex  implements  that  have  ever  been  ftmnd  In  Europe 
nrtt  likewise  ontlrt^ly  devoid  of  iHvtlnatlon.  so  tluU  no  inference  ctm  bo 
drawn  f^t>m  this  Uxct 

Zittol  found  In  the  Libyan  desert  vast  numbers  of  flints  which  boro  the 
appearance  of  having  been  opemted  upon  by  the  hand  of  man  at  a  period 
of  great  n»moteness  in  antiquity.  Many  of  them  were  fimnd  In  the 
desert  about  twenty  miles  west  of  the  Oasis  of  Achel.  Stone  Implements 
were  used  by  the  ancient  Egyptians  in  the  process  of  etubalming,  and  even 
to  this  day  are  still  used  as  msors. 

The  existence  of  those  at  llolwan,  on  the  Nile,  nearly  opposite  the  ruins  of 


M^amphh,  first  Uecaane  knovn  ahoat  1ST2.  harui^  oome  lo  tlie  midce  of  Dr. 

h^'il,  xUh  djrecu/r  of  the  SaoaUriQm  aa  tltii!  pl^cei.  He  trrote  to  the  Ethno- 
J<y;;katl  i5<>rrkir  of  IferrJixi,  relatia^  the  c:rc-Tini>'aJice«  attending  their disooT- 
«;;j,  aM  pU/^  a  Ofil lection  of  th^rm  in  the  BooJ&k  Maseom  at  Cairo.  "  The 
j:i;ttui^  of  tlie  m^temU  cftuiitn&ia^  the  ptlateaTi  at  He!  wan  Taries  fhNn  layers 
of  fStte  m»i'i  tc>  lied*  of  eoansC,  an^lar  debris,"  writes  A.  J.  Jokes  Browne, 
yM{,,  \n  a  oommnoic&tion  to  the  Cambridge  Antiquarian  Sodetj,  read  at  the 
uutAiiXn%^  held  Xot'eniljer  12,  1^77,  "and,  in  the  rail  war  cutting,  beds  of 
sand  and  clay  are  to  be  seen  banked  ap  against  the  ridge  of  limestone 
Hhkh  r\yii^  up  otit  of  this  valley.  **The  sur&ce  of  the  plateau  is  gener- 
ally com{Kx»ed  of  loc^  sand,  or  stones  and  sand  in  place,  compacted  by 
imWnH  defiosits  from  the  thermal  waters  which  here  permeate  the  soil ; 
artd  it  is  upon  these  surfaces,  worn  into  irregular  ridges  or  hollows,  that 
the  flint  flakes  and  tools  are  generally  to  be  found.  They  do  not  occur 
|j<rlow  the  surfkce  except  where  they  have  been  covered  up  by  subse- 
quent mind  drifts.  In  excavating  these  sand  drifts,  implements  have  been 
met  with  at  various  depths,  but  none  have  ever  been  found  in  the  beds  of 
mud  and  sand  which  have  been  brought  down  by  the  streams  and  are  ex- 
[>oHed  in  the  cuttings  and  diggings  alongside  of  the  railway.  The  normal 
ixmition  of  the  implements  is,  therefore,  upon  the  surface  of  the  plain ;  but  it 
Ih  lo  be  noticed  that  they  chiefly  occur  overlooking  the  greater  depressions 
witere  the  hardened  ground  may  have  existed  as  a  surface  for  many  hun- 
dreds, or  perliaps  thousands,  of  years  ;  and  there  are  at  least  five  of  these 
%\\i)i%  where  the  flakes  and  implements  occur  in  such  abundance  as  to  sug- 
gest the  idea  that  these  were  the  actual  localities  where  the  work  was  car- 
ried on,  the  very  manufactories  where  the  tools  of  the  period  were  made. 
The  probability  that  such  is  the  case  is  increased  by  the  fact  that  the  form 
of  the  flakes  and  the  nature  of  the  Instruments  differ  considerably  at  each 
of  the  five  places  referred  to.    *    *    * 

"The  principal  forms  that  were  found,  were  lance-heads,  arrow-heads, 
sawH,  long  scrapers,  thick  scrapers,  short  knives,  worked  flakes,  large 
fluketi,  small  flakes  and  one  triangular  tool.  No  heavy,  weapons  were 
found  at  Helwan,  such  as  hammers,  adzes,  &c.,  but  parallel  cases  have  oc- 
curred where  assemblages  of  small  flakes  and  scrapers  have  been  found  at' 
certain  spots  as  if  manufactured  there,  while  there  is  an  entire  absence  of 
celts,  and  the  larger  kind  of  instruments.  Mr.  Sketchley  states  that  there 
is  a  great  resemblance  in  shape  between  the  Egyptian  and  the  small 
Buflblk  implements.  The  Helwan  lance-heads  are  good  specimens  of  flint 
work,  the  whole  surface  being  worked  over,  and  the  sides  chipped  into 
serrated  edges ;  they  are  about  three  inches  long,  and  the  base  is  squared 
and  thinned  ott'for  insertion  in  the  handle.  The  best  arrow-heads  are  also 
well  made,  being  of  an  ehmgately  lanceolate  form,  the  tag  end  exhibiting 
two  HiuuU  nicks  for  the  purpose  of  binding  it  on  to  the  shaft,  in  the  same 
way  tts  some  of  the  American  arrow-heads  were  secured. 

**  But  the  saws  are  the  most  curious  and  interesting  of  the  Helwan  imple- 
nionls ;  they  vary  from  two  to  four  inches  in  length,  with  one  side  or  edge 


nicked  Into  wide  or  narrow  tC6t1i«  and  in  some  cj\8C8  cut  into  a  j^cradnatin^ 
sorics  fK>m  large  to  smnll  teetli.  Tlie  teeth  are  often  much  polished,  and 
sometimes  more  or  less  bn)ken  as  if  by  dint  of  hard  service,  wliile  in  some 
of  them  both  sides  are  worked  into  seri*Atlons»  one  edjn»  bcin^  muva  bn>ken 
than  the  other,  as  if  it  luid  been  usvd  up,  and  the  other  side  liad  been 
chipped  out  in  oi"der  to  refit  the  instruments  for  service. 

*'The  knife-like  implements  occurred  in  8|>ecial  abundance,  varying  in 
length  tVim\  one  to  nearly  two  inches,  but  the  greater  number  being  alH)ut 
an  inch  and  a  quarter  long.  A  few  of  tliem  are  almost  semi -lunar  in  shape, 
and  are  similar  to  those  used  by  the  K^^quimaux  \  in  the  rest,  one  end  is 
left  blunt,  and  the  other  brought  down  to  a  point,  which  is  generally  very 
sharp. 

•*  Flakes  were  found  at  many  places  in  gixuU  pn>fusi(m,  together  with 
nvuiy  of  tlie  coi*es  fhm\  which  tliey  were  struck.  Almost  all  the  tlakes 
seem  to  have  been  utilized,  and  those  that  could  not  be  converted  into  suw.«i 
or  knives  wore  chipped,  and  evidently  used  in  some  way  or  other.  * 

Mr.  Browne  has  given  a  very  long  description  of  these  implements  flrom 
which  I  have  extracted  the  foregoing  statements.  His  paper  is  full  of 
valuable  matter,  and  deserves  a  cai*eful  iK*rusal.  lie  afterwards  enters  into 
the  discussion  of  the  problem  of  the  antiquity  of  these  tlakes  and  imple- 
inents,  and  takes  the  gi\)und  that  their  occurIx^nce  on  the  surface  in  no 
wise  prevents  them  being  referred  to  a  remote  age.  for  the  rei\son  that  in 
Egypt  the  surfiice  has  prt)lHibly  ixMuained  unchangeil  for  a  very  long  periml 
of  time.  In  tomlis  of  the  cm  of  the  Piolemies,  tlint  weiijH)ns  have  been 
disct>vered.  but  these  cases,  Mr.  Bmwne  states,  are  very  rart%  and  tlu>se 
which  he  saw  in  the  Boulak  Museum,  '*are  ditlerent  in  ty|)e,  and  more 
moilern -looking  than  the  llelwan  Hints.  Others  which  have  been  found  In 
the  neighborhooil  of  Thebes  are  of  a  more  antique  and  imlmolithic  appear* 
ance.  Sir  John  Lubbock  and  others  are  of  the  opinion  that  the  implements 
fh>m  Thebes  are  prehistoric,  even  t\s  regards  a  land  like  Egypt,  whose 
known  annals  extend  backwaixls  over  so  many  thousand  years.** 

The  transition  fVom  Egypt  to  Palestine  is  not  an  abrupt  one,  and  in  the 
latter  country  relics  of  the  stone  age  were  discovered,  in  1870.  at  Beth 
Baour,  by  Mr.  L<uiis  Lartet.  Ltirge  quantities  of  stone  implements  of  all 
kinds  were  found  at  this  place,  of  which  the  bulk  were  fttshloned  into  the 
form  of  knives.  One  notable  exception,  however,  was  a  discoid  Hint  re- 
sembling the  usual  Euix>i>ean  i^iiUeolithit!  type ;  thera  wera  also  a  needle 
and  an  arrow -)X)int  formed  df  lume. 

Mr.  liartet  is  led  to  Iwlleve,  fhnn  his  observations  of  the  locality  and  of 
the  nature  of  the  find,  that  there  existed  formerly  at  this  place,  a  manufac- 
tory. >vherethe  fabrication  of  flint  weapons  and  implements  wtw  carried  on, 
such  as  has  been  found  to  exist  In  many  parts  of  EuiH>pc.  Since  IvSTl),  thcro 
have  Iwen  found  at  Belli  Saour.  in  addition  to  the  types  ahvady  spoken  of, 
many  knives,  seminars,  largo  gnUoi's,  iHulklus,  sj^ws  very  regularly  tiunhed, 
chisels  which  had  been  iH>lished  on  stone,  and  hatchets.  With  these  were 
mixed  do)io8its  of  yellow  |H)ttery.  very  roughly  nuide  by  hand  and  illy 
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baked,  resembling  in  the  bands,  stripes,  dots,  &c.,  which  constituted  their 
ornamentation,  the  work  of  the  neolithic  period. 

In  the  Troad  in  Asia  Minor,  at  a  town  known  as  Hissarlik,  very  numer- 
ous stone  implements  have  been  discovered,  of  types  and  shapes  analogous 
to  those  usually  met  with  in  Europe,  and  are  all  fabricated  of  the  same  rocks 
that  occur  in  Turkey,  Greece  and  the  Archipelago.     For  example  : 

Serpentine  from  Megara,  Corinth,  Delphos,  &c. 

Jadeite  from  Thebes,  Althea,  Laconia,  &e. 

Dionite  from  Sparta,  Kleone,  Amphycea,  &c. 

AmpMboUtes  from  Lemnos,  Archsea  and  the  Peloponnesus. 

Syenite  ftt>m  MyceusB. 

At  this  latter  place  Dr.  Schliemann  reports  the  discovery  of  thirty -Ave 
arrow-heads  of  obsidian  whose  shape  was  similar  to  those  used  in  North 
America. 

It  is  stated  that  in  the  museum  of  the  evangelical  seminary  at  Smyrna, 
there  are  sixty  different  implements  of  stone  which  have  been  found  in 
Lydia  and  Phrygia,  of  which  some  were  polished,  others  not.  The  forms 
of  the  hatchet8  and  of  the  hammers  were  similar  to  those  previously  discov- 
ered in  Greece.  Mr.  Pappadopoulos  avers  that  the  whole  region  of  Icon- 
ium  is  rich  in  relics  of  the  stone  age,  and  also  that  there  are  abundant  ves- 
tiges in  various  lakes  of  Asia  Minor  of  lacustrian  habitations,  not  unlike 
those  heretofore  known  in  Switzerland. 

In  Northern  Africa  stone  implements  have  been  found,  especially  at 
Khenchela  in  Algeria.  Here  M.  JuUien  discovered  quantities  of  worked 
flints,  generally  of  large  size,  although,  for  the  most  part,  broken.  In  this 
instance  the  finds  occurred  on  the  surface  of  the  soil. 

Signor  Bellncci  found  in  thirteen  different  portions  of  the  realm  of 
Tunis,  no  less  than  2962  stone  implements,  being  knives^  arrow-heads, 
discs,  slingstones»  scrapers,  bodkins,  beaters,  &c.  From  the  surroundings 
he  drew  the  inference  that  a  workshop  for  manufacture  of  stone  imple- 
ments had  existed  near  Tunis. 

Messrs.  Fraasand  Zittel  report,  severally,  similar  discoveries  in  Libya  and 
the  Libyan  desert  Here  the  implements  were  associated  with  the  remains 
of  quaternary  animals.  Mr.  Fraas  attributed  the  worked  stones  which  he 
found  in  Libya  to  the  hand  of  man. 

A  large  collection  of  stone  implements  from  the  Cape  of  Good  Hope, 
came,  a  few  years  since,  into  the  possession  of  the  learned  Dr.  John  Evans, 
F.R.S.,  F.S.A.,  &c.,  of  Hemel  Hempstead,  England,  of  which  he  has  been 
kind  enough  to  write  for  me  the  following  description  :  '*  They  appear  to 
be  of  two  different  ages,  some  being  apparently  palseolithic  and  closely  re- 
sembling in  form  those  of  the  European  river  gravels  and  those  in  quartzite 
from  the  latente  deposits  of  Madras  ;  and  others  neolithic.  Among  these 
latter  are  numerous  flakes  of  basalt,  probably  lance-heads,  and  some  well 
wrought  small  spear-heads  in  flint.  There  are  also  hammer  stones,  both 
perforated  and  with  recesses  on  one  or  both  sides  (possibly  these  may  be 
more  of  the  nature  of  mortars),  and  the  usual  '  digging  stones '  for  weight- 
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ing  pointed  sticks.  The  palfeolithic  implements,  if  such  they  really  be,  are 
scarce,  I  have  one  very  fine  si>ecimea  fh>m  Proceso  Fountain,  Victoria, 
West    It  is  not  of  Hint  but  fbrmed  of  some  hard  metamorphic  rock/* 

On  the  80th  of  November,  1878,  Mr.  V.  Ball  read  before  the  Roj^l  Irish 
Academy,  an  essay  **  on  the  forms  and  geographical  distribution  of  stone 
implements  in  India,**  in  which  country  lie  had  resided  several  years.  He 
goes  into  the  subject  at  considerable  length  discussing  the  various  finds  in 
(1)  Madras,  (d)  Hyderal>ad  and  the  Berars,  (8)  the  Central  Provinces  and 
Bandelkhand,  (4)  R^jputana  and  Central  India,  (5)  Bombay,  (6)  Sind  and 
Beluchistan,  (7)  Bengal  and  Orissa,  (8)  Assam  and  adjoining  countries. 
(9)  Burmah,  (10)  Andaman  Islands,  (11)  Sumatra  and  (12)  Java.  As  a 
rule  these  implements  are  of  the  usual  types,  some,  however,  in  Bandel- 
khand  being  evidently  symbols  of  the  Lingan^  some  being  jierforated 
stones ;  sometimes  they  are  **  well-shaped  knives/*  disooldal  objects,  flakes 
and  arrow-heads,  all  paleolithic  (only  one  polUhed  celt  having  been  f^mnd 
in  the  Madras  presidency),  and  a  very  few  polished  celts  approximating  to 
the  unshouldered  Burmese  forms  have  been  discovered  In  Assam.  In  the 
Burmese  implements,  however,  the  cutting  surface  has  a  ohiseMike  edge, 
while  the  Assamese  tools  have  the  edges  ground  down  on  both  sides.  In 
the  Andaman  Islands  at  the  present  day,  Mr.  Ball  states,  Uiere  inhabit  a 
race  of  people  who  manufacture  flakes  ftom  flint  i>ebbles.  '*  The  Burmese 
call  these  implements  mo-jio,  thunder  chain,  or  thunder-bolt,  and  believe 
that  they  descend  with  the  lightning  flash.  It  is  supposed  to  possess  many 
occult  virtues,  one  of  the  chief  of  which  is  to  render  its  wearer  invulner* 
able,  and  many  an  unlucky  mo-jio  has  succumbed  to  the  popular  test,  which 
is  to  wrap  it  in  a  cloth  and  Are  a  bullet  at  it  at  short  range.  If  the  man 
misses  the  doth  the  authenticity  and  power  of  the  charm  is  at  once  estab- 
lished :  if  the  stone  is  fVactured  it  is  held  not  to  be  a  real  mo-jio.  Other 
less  severe  tests  are  also  applied.  Fowls*  it  is  sup()osed,  will  not  venture 
near  rice  on  which  a  real  WM-Jio  is  lying  ;  fire  will  not  consume  a  house 
that  contains  one ;  a  plantain  tree  cut  down  with  one  will  not  sprout 
again  ;  and  last,  but  not  the  least  in  esteem,  the  owner  of  a  real  mthjio  can 
cut  a  rainbow  in  half  with  it** 

In  Java  a  considerable  series  of  chipped  implements  and  polished  celts 
has  been  (bund,  *' which  have  been  reported  on  by  a  commission  appointed 
for  the  purpose  by  the  French  Academy  of  Science.** 

Mr.  Ball  (p.  890'  calls  particular  attention  to  a  ring  stone,  too  heavy  for  a 
spindle  whorl  or  net  sinker,  and  which  he  believes  was  really  a  weapon  of 
offence  to  be  grasped  in  the  hand  and  used,  as  he  expresseii  it,  as  a  sort  of 
"knuckle  duster,**  in  an  encounter  between  men  and  wild  animals.  The 
chief  point  of  interest  about  it  is  Its  very  close  resemblance  to  forms  which 
have  not  uncommonly  been  met  with  in  £urope,  and  likewise  in  Pennsyl- 
vania, Virginia  and  other  parts  of  North  America. 

Accompanying  Mr.  BalPs  imper  is  a  map  of  the  geographical  dis- 
tribution of  stone  implements  in  India.  **The  chip|)ed  quartzitos  occur 
throughout  a  vast  ai'ea  north  and  south  fh)m  Sangor  to  Madras,  east 
and  west  tVom  Raniganj  in  Bengal,  to  Ncomuch  in  R^jputana.    £ven 
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in  far  distant  Java  implements  of  a  somewhat  similar  cliaracter  have 
been  met  with ;  a  fact  of  considerable  interest  pointing  to  a  prehis- 
toric connection.  Flakes  and  cores  are  limited  in  their  distribution 
to  the  area  whicli  extends  north  and  south  from  Kerowlie  in  Rajputana,  to 
Peyton  on  the  Godaveri,  in  Bombay,  and  east  and  west  from  Singhbhum, 
in  western  Ben<;al,  to  Sukkur  on  the  Indus,  in  Sind,  and  still  furtber  even 
to  Gwadar,  in  Beluchistan.  The  polished  celts  extend  from  Upper  Assam 
to  Singhbhum,  in  Bengal,  and  from  the  Irawadi  Valiey,  in  Burmah,  to 
Jabalpur,  in  the  Central  Provinces." 

The  map  is  colored  to  show  these  distributions  respectively  for  each 
class  in  the  order  above  referred  to,  light  pink,  light  purple,  and  light 
blue.  Mr.  Ball  offers  two  theories  to  account  for  this  distribution  of  flint 
implements;  one,  that  from  a  central  interior  point  spread  forth  successive 
waves  of  emigration  at  different  stages  of  civilization  ;  the  other,  to  which 
he  inclines,  was  that  the  central  area  was  a  point  of  convergence  rather 
than  of  divergence,  basing  his  opinion  on  the  fact  that  the  manufactures 
become  more  abundant,  and  exhibit  greater  skill  in  proportion  as  we  re- 
cede from  this  central  area.  A  fact  tending,  in  his  judgment,  to  corroborate 
the  notion  that  India  was  once  an  island,  which  gradually  arose  from  the 
ocean  at  a  period  subsequent  to  its  first  being  inhabited  ;  that  as  the  central 
parts  of  the  country  became  accessible  to  wanderers  from  the  surrounding 
quarters,  with  a  knowledge  of  their  respective  arts,  were  thrown  more  in 
contact  with  each  other,  becoming  the  ancestors  of  some  of  the  widely  dis- 
tinct races  now  living  in  India."  Mr.  Ball  adds  to  his  paper  a  list  (cover- 
ing twelve  pages  8vo),  of  the  localities  in  India  where  ancient  stone  imple- 
ments have  been  discovered,  and  I  would  call  your  attention  to  the  whole 
article  from  which  these  extracts  (referring  to  India)  have  been  taken  as 
being  carefully  written  and  of  great  interest  and  importance.  (Pioceedings 
of  the  Royal  Irish  Academy,  Dublin,  Vol.  1,  Ser.  ii.  No.  13.  April,  1«79.) 

In  the  opinion  of  some  writers  of  prominence  and  ability,  the  very  ex- 
istence of  a  stone  age,  per  se,  has  been  doubted,  and  the  suggestion  thrown 
out,  which  is  plausible  enough,  that  lithic  implements,  &c.,  were  used  in 
connection  with  others  of  metal  which  have  not  survived  to  modern  times. 
It  is  not  my  wish  to  enter  into  any  controversy  respecting  this  much  vexed 
question.  My  only  object  in  the  present  instance  has  been  to  gather  into 
one  paper  valuable  facts,  at  present  dispersed  and  scattered. 

fNoTE.— At  the  Ck>ngre89  of  ArcheeologistR,  In  1872,  the  Marquis  de  Vlbray,  ex- 
hibited a  collection  of  stone  implements,  <&c.,  found  in  Japan,  amounting  in  ail 
to  sixty-seven.  Of  the  hatchets  many  were  perforated,  and  the  types  all  horo 
resemblance  to  similar  ones  found  elsewliere.  The  chief  material  of  which  they 
were  formed  was^rid/»,  but  other  stones  were  also  used,  including  obsirtian.  The 
age  of  these  objects  could  not  be  satisfactorily  determined,  nor  what  the 
relative  civilization  of  Japan  was  in  what  seemed  to  be  a  polished  stone  age. 

Within  the  past  y ear f  1879)  dolmens  have  been  opened  in  Japan  in  which  stone 
arrows,  Ac,  have  been  found.  It  is  stated  that  the  shell  mounds  at  Amori  con- 
tain  bones  of  monkeys,  deer,  boars,  wolves,  and  dogs,  with  not  a  few  remains 
that  plainly  point  to  the  former  prevalence  of  cannibalism.  In  Cochln-China, 
the  French  aggressions  have  led  to  the  discovery  of  stone  implements,  un- 
doubtedly fashioned  by  the  hand  of  man,  among  pottery,  shells,  and  Iiuman 
and  animal  remains.] 
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Sta(€il  Mvetipg,  June  18, 1880. 

Pi'esoiit,  9  members. 

rivsidont,  Mr.  Fralby,  in  the  Chair. 

Mr.  Wra.  B.  Rogers,  Jr.,  a  newly-elected  member  was  in- 
troduced and  took  his  seat. 

Letters  accepting  membership  were  received  from  Joseph 
A,  Murmy,  dated  Carlisle,  Pa,,  May  81,  1880 ;  and  from 
Ogden  N.  Rood,  New  York,  May  10. 

Letters  of  acknowledgment  were  received  fix)m  the 
Royal  Zoological  Society,  Amsterdam,  dated  June  2, 1880 
(104) ;  and  the  Royal  Geological  Society  of  Ireland  (104). 

Lettei*s  of  envoy  were  received  fi*om  XL  SchefBer,  dated 
Braunschweig,  April  30,  1880  ;  the  Board  of  Commiasionera 
of  the  Second  Geological  Survey  of  Pennsylvania,  May 
20 ;  Mr.  Fmlerick  Fraley,  Philadelphia,  June  16 ;  and 
John  Hay,  Assistant  Secretary  of  the  Department  of  State, 
Washington,  May  22, 

A  letter  was  received  from  the  Librarian  of  the  Cincin- 
nati Public  Library,  dated  May  24, 1880,  requesting  to  be 
allowed  to  buy  certain  volumes  of  the  Transactions  of  the 
Society.  The  matter  was  referred  to  the  Librarian  with 
power  to  act. 

A  circular  letter  was  received  from  the  Smithsonian  In- 
stitution, dated  June  1, 1880,  asking  certain  questions  con- 
cerning the  condition  of  the  Society  and  its  Library. 

Donations  for  the  Libniry  were  received  from  the  Bureau 
of  Mining,  Melbourne ;  the  Governor  General  of  India ; 
Academies  at  St,  Petersburg,  Berlin,  and  Rome ;  Observatory 
at  Prague ;  Bureau  of  Statistics,  Stockholm  ;  Editors  of  Flora 
BatHva,  Leyden ;  Dr.  Hermann  SchefHer,  and  the  Editor  of  the 
Zoologischer  Anzeiger,  Leipsig ;  M.  A.  Delesse,  and  the  Editors 
of  the  Revue  Politique,  and  Annales  des  Mines,  Paris ;  Com- 
mercial Geogm^ilucixl  Society,  Bordeaux;  Editor  of  the 
Revista  Euakam,  Pamplona ;  R.  Astronomical  Society, 
Victoria  Institute,  and  Editor  of  Nature,  London ;  Essex 
Institute,  Salem;  Ameriain  Journal,  New  Haven;  Brook- 


Ijn  Entomologrical  Soci<ety ;  American  ClK^micttl  S^K'iety^  wA 
Biiitors  of  the  Aiuori<^n  KntomoKvi^it,  ifow  York ;  Ro^vsk 
«olaer  Polytivlmio  In^niutt\  Ti\\y;  KHtor  of  the  North 
Auieri^'fiu  EntomoK^i^t,  Bufl^Uo ;  ZiH>loi:io?J  Society,  Franks 
liu  Institute,  E^litors  of  the  Me^lical  Newss  mid  the  Aioeri* 
can  Joamal  of  Pharmacy,  Mr.  Henry  PhilUp»,  Jr«,  Dr«  F. 
V«  Hayden,  Mr«  Chfipnuin  BiddK  <^nd  Mr«  lWi\}att)m  H. 
Smith,  Philadelphia ;  Mr*  Peter  Sheaffer,  Pottsville ;  Board 
of  Commi^ionersi  of  the  Seix>mi  Geolojtic»l  Survey,  Pei^nayU 
Tania ;  Peabody  Institute,  Baltimore ;  Wabash  Oolle^^  In- 
diana ;  Col.  Chas.  E.  Jones,  Auj^u^ta^  C)ei>rgia ;  Oeo^ra))hical 
and  Statiatical  Society,  and  Kilitor  of  the  Revi$ta  Oientifi<m 
Mexico ;  and  Mre.  Ellen  L.  Schott. 

Mr.  Blodget  made  the  following  remarks  u|>on  certain 
features  of  Industrial  ^(igratious  as  sI\owu  in  the  manufae- 
turea  of  Philadelphia. 

The  dert'lopmejil  of  nuuiy  of  the  indiistH«9i  of  Ph))iu)et)>hia  preMfits 
chaimdemticsi  strikiDi^ly  n^A^ml^tinf  tlio$e  of  nitUtuia  tou»()iruottft  in  hi9« 
tonr  for  induslxlal  praci()erity«  HisUtry  us  usiutUly  xvritu^n  <Ul^mU  bat  in 
imperfect  Tiew  of  the  n^  cftostea  of  nAtioiml  titrowth,  and  \Vi>  mi^  M  tt>  ln« 
fejT  thai  the  employmout  of  the  (^>p)t^  i»  <i)tO)St>U)er  !MH.N>iidMry  Mid  MiU^i- 
nate.  One  of  the  be»l  of  the  niore  authentic  and  better  works  which  should 
take  the  pkce  of  histories  is  a  treatise  by  the  Marquis  De  VataHa»  on 
xhe  industrial  economy  of  Stmin,  originally  printe<i  in  lTd4  and  re(>rinted 
in  England  in  1751.  by  John  Kippax,  under  Uie  |Vitn>nage  of  the  Prince  of 
Wales.  It  gives  a  yivid  picture  of  the  gre^t  industtrics  in  wtx>l  and  silk 
which  made  S^tidn  rich  and  prosi^erous  InMore  the  gi^ld  of  Ute  New  World 
was  known*  {^ville,  Granada,  Cordova  and  Toltnlo  iHH'aiue  magnitle^mt 
cities  through  these  industries  in  wool  and  silk,  and  sent  8)>aiti&li  cloths 
and  embroideries  to  every  ctmntry  of  £uro|>e.  Seville  aloite  had  l(^OCN> 
looms,  employing  48,000  persons,  and  midntidning  dirtvtly  1d,000  fWmilies^ 
or  60.000  persons.  But  this  statesman  of  that  t^rly  period  fVntnd  that  great 
misfortunes  followed  the  neglect  of  manulkciures,  and  tltat  a  l^lse  )>olicy 
of  taxation  had  transf^trred  many  of  them  to  France  and  the  Low  Ooun* 
tries.  He  wrote  earnestly  in  n^slMattee  of  UuU  )>olicy»  and  struggletl  to 
res^tore  the  ancient  splendor  of  tiu^e  great  cities.  The  Si^anialt  ruling  ciass 
was  infktuated  with  the  gold  and  silver  of  the  American  ci>lonies,  however^ 
and  the  first  great  industrial  migration  carried  w^hat  remaineiiof  them  Into 
the  Low  Countries.  fh>tu  which  they  were  sulwciiuenlly  drawn  partly  into 
France,  by  the  skill  of  Minister  CoUn^rt,  and  still  later  into  £itgUutd«^ 

*The  origin  of  these  IndustrlesK  of  8|HUn  t»  m)  f^^relbly  U>UI  hy  Marquta  De 
UiUiTlB  that  I  quote  ttam  his  dmpt^r  citing  the  laws  ot  King  Ferdinand,  Fer\l* 
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At  the  first  examination  I  had  the  opportunity  to  make  of  the  textile 
industries  of  Philadelphia,  I  was  struck  by  the  evidence  afforded  that  they 
represented  a  migration  and  transfer  which  would  soon  attain  mucn  greater 
proportions,  and  which  even  then  deserved  public  attention  as  an  impor- 
tant interest.  I  published  a  list  of  mills  in  1857,  and  again  in  1858,  writ- 
ing frequently  in  regard  to  it,  and  reprinting  the  Census  of  I86O9  of  which 
I  had  the  supervision  so  far  as  related  to  manufactures.  In  that  year  I  had 
the  opportunity  to  show  to  Mr.  W.  S.  Lindsay,  member  of  Parliament  from 
a  north  of  England  district,  the  work  of  thousands,  recently  emigrated  from 
Nottingham,  Leeds  and  other  manufacturing  districts,  claiming  that  a  trans- 
fer of  those  industries  was  in  progress  which  would  have  a  great  influence 
on  the  future  of  tlie  United  States.  Again  in  1870  the  evidences  became 
still  more  decisive  and  the  rate  of  progress  much  more  rapid,  but  it  was 
reserved  to  the  period  from  1876  to  1880  to  complete  what  must  be  regarded 
as  the  most  striking  and  massive  of  the  great  historic  movements  which 
have,  since  Ihe  15th  century,  carried  from  one  nation  to  another  the  crown  of 
ascendancy  in  textile  industries.  I  am  well  aware  that  it  will  not  be 
admitted  in  many  quarters  that  this  movement  has  gone  so  far  as  I  claim. 
This  point  is  not  material,  however,  if  the  facts  of  rapid  progress  in  that 
direction  are  conceded.  No  one  can  deny  that  the  most  important  suc- 
cesses have  attended  the  effort  to  establish  the  textile  industries  here,  and 
that  they  represent  an  extent  of  employment  of  productive  power  in  looms 
and  machinery  exceeding  the  most  prosperous  days  of  Seville  or  of  Man- 
chester. 

The  point  of  interest  in  the  philosophic  sense  is  this  apparent  relation  of 
national  development  to  these  greater  industries.  It  is  singular  that  they 
have  migrated  as  national  supremacy  has  changed  its  place,  or  more  proba- 
bly that  an  enforced  migration  has  been  the  chief  agency  in  building  up 
one  country  at  the  expense  of  another.  Spanish  prosperity  may  very  nat- 
urally have  been  supposed  to  be  inseparable  from  the  Spanish  race  during 
the  period  in  which  Ferdinand  and  Isabella  ''published  one  hundred  and 

Inand  and  Isabella,  and  the  Emperor  Charles  V,  as  follows:  "The  ancient  hls- 
*'  torlans,  more  inclined  to  speak  of  battles,  sieges,  revolutions  and  other  events 
'Hhat  make  a  noise  in  the  world,  than  to  transmit  the  publiok  measures  in  fh- 
**  vor  of  commerce,  take  little  notice  of  the  provisions  made  for  its  encourage- 
**ment  by  our  great  monarchs,  who  most  distinguished  themselves  by  their 
"  wisdom  in  the  arts  of  peace  and  war.  King  Ferdinand,  the  Pious  was  of  this 
'*  class,  and  in  his  reign  there  is  mention  of  one  circumstance  on  this  head, 
"  that  after  he  had  rescued  the  city  of  Seville  from  the  yoke  of  the  Mohamme- 
'*dan8  in  1248,  he  settled  there  many  artificers  who  are  the  basis  of  a  profitable 
''commerce,  which  is  alone  attainable  by  good  manufactories."  Next,  their 
Majesties,  Ferdinand  and  Isabella,  by  statutes  of  1478  to  1494,  made  various  reg- 
ulations in  favor  of  manufacturers  of  silks,  brocades  and  cloths,  and  the  said 
Ferdinand  and  Queen  Juana,  his  daughter,  in  1511,  "  published  119  laws  respect- 
**  ing  the  fabrication,  dying  and  sale  of  cloths  and  stuffs,  every  one  of  which 
**  tended  to  make  improvements  in  these  manufactures."  Also,  the  Emperor 
Charles  V.,  by  statutes  of  1528, 1549, 1552and  others,  added  a  hundred  further  laws 
regulating  these  industries,  but  during  this  century  the  imposition  of  heavy 
internal  taxes  aided  the  transfer  of  many  textile  industries  to  Flanders,  and  in 
part  to  France.— -Sec  Kippax^i  transkUion^  1751,  Vol.  /,  p.  196,  drc. 
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nineteen  laws  respecting  the  fabrication,  dying,  and  sale  of  cloths  and 
stuffs,  every  one  of  which  tended  to  make  improvements  in  each  of  the 
several  manufactures"  ;  but  two  centuries  later  this  industry  had  gone  from 
Spain  and  from  the  Spanish  T&ve  to  countries  in  the  north  of  Europe. 
From  Europe  to  this  country  the  trausition  is  perfectly  natural  and  easy, 
coming  with  the  immigration  which  all  the  circumstances  unite  in  inviting. 
It  is  not  in  opposition  to  race  prejudices,  but  entirely  in  accord  with  them, 
that  the  crowded  populations  of  French  or  English  cities  should  bring  with 
them  the  Industries  which  found  their  best  market  here,  and  establish  silk 
weaving,  tapestries,  damasks,  and  all  forms  of  ornamented  tissues  in  silk  and 
wool,  as  well  as  the  plainer  fabrics  which  are  more  promptly  introduced. 
It  is  certain  that  they  are  being  so  intnxluced,  and  with  a  degree  of  npidity 
much  greater  than  is  usually  supposed. 

The  elements  of  permanence  belonging  to  this  movement  are,  however,  bet- 
ter shown  in  the  transfer  of  English  industries  in  wool  and  cotton,  than  in 
the  silk  and  worsted  of  France  and  Germany.  The  English  movement  has 
been  in  progress  for  twenty-five  or  thirty  years,  with  a  preliminary  or  par- 
tial movement  from  the  north  of  Ireland  and  extreme  north  of  England 
fifty  years  ago.  Hand  loom  weaving  in  linseys  and  colored  cottons  was 
the  distinctive  form  here,  while  the  cloth  fulling  and  woolen  cloth  weav- 
ing from  the  west  of  England  was  common  to  the  whole  country.  Closely 
following  these  was  the  carpet  weaving,  which  originated  in  France,  but 
was  given  a  form  better  adapted  to  general  use  in  the  English  ingrains,  and 
one  which  transplanted  here  has  been  extended  with  great  rapidity  and 
success.  Yet  the  weavers  are  English,  and  establishments  whether  of  the 
smallest  or  of  enormous  magnitude  represent  English  migrations  chiefly, 
and  brinf(  with  them  all  that  English  skill  has  attained,  as  well  as  add  the 
most  recent  American  peculiarities.  The  impression  they  make  is  very 
striking,  that  it  is  not  any  present  commercial  or  business  advantage  that 
has  brought  them,  and  that  the  6000  men  of  English  birth  which  the  car- 
pet industry  alone  employs  in  Philadelphia,  are  greater  than  all  the  tem- 
porary circumstances  that  can  surround  this  carpet  industry  as  a  business. 
Their  presence  creates  many  of  these  circumstances,  and  naturalizes  the 
change. 

In  the  hosiery  and  knit  goods  industry  there  is  a  large  preponderance  of 
English  identity,  as  it  may  be  said,  of  identity  in  machinery,,  in  workmen 
and  in  proprietorship,  but  there  is  also  a  considerable  share  of  German  and 
French  elements  of  each  of  these  classes.  The  variety  of  fabrics  and  arti- 
cles made  in  this  manner  is  much  greater  than  is  usually  supposed,  scarcely 
an  article  of  finished  clothing  being  excepted.  Shawls,  scarfs,  caps  and 
head  dresses,  coats  or  jackets,  sleeves,  gloves,  &c.,  with  all  forms  of  hos- 
iery proper,  enter  into  consumption  in  this  country  to  the  extent  probably 
of  forty  millions  of  dollars  in  value  yearly.  Under  the  effect  of  recent 
developments,  four-fifths  of  tlie  supply  required  is  now  produced  here,  and 
with  changes  in  design  and  adaptation  constantly  effected,  the  industry 
itself  is  much  extended  and  enlarged. 
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These  primary  and  necessary  industries,  as  they  may  be  characterized, 
are  here  as  iiighly  developed  in  ornamentation  and  Artistic  efiect  as  many 
of  tlie  more  costly  textile  fabrics.  Ouce  established  on  a  basis  of  skilled 
ardzaus  re^dent  here  the  changes  which  are  required  for  assimilation 
with  the  country  are  elfected  easily  and  without  disturbing  that  basis,  or 
weakening  its  id^tity.  The  German  workman  is  not  less  a  German  or  the 
Knglish  knitter  not  less  a  representative  of  English  skill  because  of  the  new 
adaptations  which  he  acquires  here,  or  is  directed  to  employ  by  a  proprie- 
tor who  uses  steam  power  where  hand  power  only  was  previously  employed. 

This  age  is  as  luxurious  in  some  of  its  tastes  and  demands  as  any  that 
has  preceded  it,  but  in  others  it  is  much  more  moderate.  The  costly  royal 
cloths  of  Spain,  rich  of  themselves  and  loaded  with  gold  or  silver  embroid- 
ery, are  no  longer  demanded  by  any  market ;  and  it  is  only  in  fabrics  exclu- 
sively of  silk  that  such  obvious  luxury  finds  an  acceptable  outlet.  But 
what  is  wanting  on  the  more  costly  is  more  than  made  up  on  the  average 
quality  of  fabrics  in  universal  use. 

The  relation  of  these  industries  to  the  prosperity  of  the  cities  where  they 
exist,  and  to  that  of  the  nation  or  country  in  which  they  form  a  prominent 
feature  of  general  business,  is  not  less  marked  now  than  at  any  former 
period.  And  the  adaptations  of  steam  power,  which  now  increase  pro- 
duction enormously  without  impairing  its  quality,  must  invariably  accu- 
mulate wealth  more  rapidly  than  was  possible  before  steam  was  known. 
The  16,000  looms  of  Seville  constituted  a  remarkable  productive  force  for 
the  age  in  which  they  flourished,  and  they  may  well  be  named  with  pride 
by  the  Spanish  minister ;  but  there  are  30,000  looms  driven  by  steam  power 
in  Philadelphia,  producing  a  vastly  greater  aggregate  of  such  fabrics  )is 
this  age  demands  ;  and  though  inferior  in  costliness,  it  is  probable  that  they 
are  as  productive  in  material  wealth  to  the  city  as  were  the  locjms  of  that 
once  splendid  city  of  Spain. 

If  this  is  in  fact  the  natural  line  of  movement  from  one  country  to  another 
of  these  greater  industries,  the  matter  is  worthy  of  consideration  on  higher 
grounds  than  those  which  are  merely  commercial  or  industrial  in  the  busi- 
ness sense.  The  evidence  is  too  strong  to  admit  of  doubt  that  the  industrial 
migrations,  taking  with  them  the  foundation  industries  in  wool,  silk  and 
cotton,  have  made  this  city  of  Philadelphia  their  chief  point  of  diesti nation ; 
not  exclusively,  however,  but  with  a  liberal  distribution  in  northern  cities. 
They  do  not  find  so  much  to  favor  them  in  the  factory  towns  of  New  Eng- 
land, to  which  only  the  workmen  in  like  factories  in  England  or  on  the 
continent  find  themselves  adapted.  These  factories  represent  a  different 
class,  distinctly  separated  from  the  aggregations  of  skilled  workmen  in 
Lyons,  Paris,  Philadelphia  and  like  large  cities.  They  are  in  some  res- 
pects higher  and  more  advanced  developments  ;  but  they  rest  on  a  more 
narrow  basis.  A  factory  or  corporation  may  exist  for  twenty  years  in  one 
locality  without  fixing  there  an  associated  business  which  would  survive 
the  stoppage  of  the  one  mill.  But  here  it  is  the  workmen  and  their  looms 
that  constitute  the  fixture.    The  mill  and  the  steam  power  are  a  valuable 
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ac^unci,  bui  iho  work  can  g:^)  on  without  them.  Nolhiiift  but  the  .4(c«f«iil« 
of  ruinous  taxaiion,  or  the  nubsiitutitm  of  a  lax  on  e\)>orl«  ft^r  the  printer 
lax  on  im(H>ns«  as  was  liono  umier  the  c^^rrupl  rule  of  the  numarelis  who 
ruiueii  8|>ain,  can  destroy  Indigenous  i>r  tlionntghly  nationalised  Induatrios 
such  as  these. 

The  h>undatitui  industries  in  wtK»1,  cottt>n  and  silk  hare  come  here  tn% 
stay :  they  have  come  (hmt  finitland  firsts  and  next  fVoni  i^ermany  and 
(hmi  Prance  ;  and  they  alreaily  (\tmisli  an  addition  of  many  Uiouaands  of 
trained  aiUilts«  men  and  women,  to  the  l)ody  of  the  po|HilalloQ  of  the 
greater  cities  of  the  United  States. 

Mr.  rhUH|v»  ctiUoil  to  tho  attoiitioii  of  tho  Sooioty  the  now 
Diotioimry  of  tho  KitgHsh  Ltmgango  which  was  now  a)>- 
prottchinj;  it«  ct>mp)otion. 

The  fli«t  itemi  of  the  imijecl  jtrew  out  of  a  yvk^^^t  read  l>efore  tlie  Philo* 
lo);cical  dociely  in  t857»  by  Archbishop  Trench,  on  **Some  dcAciencies  in 
our  Knitlish  bictlonarles/*  The  S^K^icty,  sulwetiucntly,  in  t85l>»  Isaueil  a 
•*  Pro|Hv»al  ft>r  the  publication  of  a  New  KnstHsh  Dictionary/*  in  which  the 
genenU  9ix>t¥f  and  metluxl  of  the  intendeil  work  wore  st»t  ftmh.  The  heavy 
financial  outlay  ncHiuislte  and  other  olistructlng  causes  retardcil  the  xs^>rk 
till  alKHtt  three  >'x«r«agts  when  Dr.  J«  A.  IL  Murrny,  Pix!«identof  Uie  Phl^ 
lological  S^Klety  and  Master  of  the  great  Mill  Hill  8<'1uh>1,  in  London,  t^n^k 
up  the  management  and  in(\iscil  a  new  vigor  Into  the  undertaking.  The 
plan  is  to  Aimlsh  a  history  of  each  wont  in  tlie  English  lai\)tuage,  with  a 
quotati^m  fh>ra  some  author  in  every  century  since  its  first  ai>|>earance, 
thus  showing  the  date  of  its  entrance,  and  the  pr\>gressive  changes,  if  any» 
which  have  tKYurrtHi  in  its  form  and  meaning.  Acci>nUitg  li>  the  materials 
alnsaily  in  hand,  giving  a  sentence  for  every  citation,  tlie  Dictionary  would 
fill  seven  quarto  v\>lumes  of  ^H)0  i^ges  eaclu  but  the  inleniion  is  to  retluce 
the  quotations,  when  it  can  l)e  d^me,  U>  a  smaller  ciHU|>ass,  thus  keepltig  it 
witltin  Uie  trivial  limit  of  '*  7000  quarto  (lages  of  the  site  of  Littit^'s  French 
Dictionary,  making  a  work  one  and  a  half  times  the  site  of  that,  or  more  than 
IVnir  tinu«  the  site  of  Welwter,  sj^y  in  four  thick  v\>lumi^  quart^x  **  The  Inwk 
will  lie  publisheil  at  tlte  Clarendon  Press,  Oxford,  and  the  intention  is  that 
it  shall  tH»  comv^letiH)  wiUiin  ten  years.  The  first  part  of  400  i^agtM  cimtaln« 
ing  the  letter  a  is  to  be  reatly  in  18$d,  the  rt^ldue  t\>  fbllow  at  regular  inter- 
vals  until  the  whole  is  flnisheil.  The  su^K^rvision  of  the  reading  (\^r  the 
Dictionary  done  in  America*  has  In^en  ci>nfideil  to  our  fbllow-meit\l)er,  Piv^ 
(bssor  Marclu  of  Kaslim,  Pa.,  who  has  axrakened  and  stlmulateil  the  in« 
teres!  in  this  ci>untry«  so  tliat  (hmi  Maine  to  Oregon  dally  cimtributions  of 
quotations  are  (v>uring  in  to  the  learned  evUtor« 

When  Anishetl,  Uie  Dictionary  will  Ih!>  one  of  the  great  Iwoks  of  the 
WY>rld,  a  stU(>e.ndous  monument  for  all  time  to  the  industry,  xeal  and  learn- 
ing  of  the  scholars  of  the  nineteenth  century. 

A  letter  was  nditd  ttonx  Mr«  Kit  K,  Prico  auggt^ting  that 
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photographs  should  be  taken  from  the  portrait  of  Mr. 
Michaux^  for  diatribution  among  prominent  botanists  and 
botanical  institutions.  On  motion  an  appropriation  of  $25.00 
was  made  for  the  purpose. 

The  Committee  to  attend  the  Centennial  Celebration  of 
the  American  Academy  of  Arts  and  Sciences  at  Boston, 
reported  and  was  discharged. 

And  the  meeting  was  adjourned. 


Stated  Meeting,  July  Ifi,  1880. 

Present,  4  members. 

Vice-President,  Dr.  LbContb,  in  the  Chair. 

A  photograph  of  Henry  Armitt  Brown,  a  late  mombor  of 
the  Society,  was  received  for  the  album. 

Letters  of  acknowledgment  were  received  from  the  Statis- 
tical Society  of  London,  dated  June  24,  1880  (108,104); 
and  the  Royal  Danish  Actidomy,  Copenhagen,  June  7, 1880 
(108, 104). 

Letters  of  envoy  were  received  from  the  Trigonometrical 
Branch  of  the  Survey  of  India,  dated  Dehra  Dun,  May  5, 
1880 ;  the  Meteorological  Office,  London,  June,  1880 ;  and 
the  Department  of  the  Interior,  Washington,  D.  C,  June 
29, 1880. 

A  letter  was  received  from  Mr.  Murray,  Acting  Secretary 
of  the  American  Philological  Association,  tendering  the 
thanks  of  the  Association  for  the  use  of  the  rooms  of  the 
Philosophical  Society,  and  for  the  courteous  attentions  re- 
ceived by  the  Association. 

A  postal  card  was  received  from  the  American  Chemical 
Society,  stating  that  they  had  not  n^coived  No  104,  of  our 
Proceedings. 

Donations  for  the  Library  were  received  from  the  Acad- 
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emica  at  Buda  Post,  Ooponhageii,  Berlin,  Rome,  Brussellos, 
and  Philadelphia;  Editor  of  the  Zoologischer  Anzoiger, 
Leij)8ig;  Societ6Vaudoise,  Lausanne;  Cav.  Damiano  Muoni, 
Milan;  Editor  of  the  Revue  Politique,  Paris;  Society  of 
Comnieixnal  Geography,  Bordeaux ;  Editor  of  the  Revista 
Euskara,  Pamplona;  Royal  Astronomical  Society,  Dr.  C. 
William  Siemens,  and  the  Editora  of  the  Chomists'  Journal, 
and  Nature,  London  ;  American  Journal,  and  Yale  College, 
Now  Haven;  Metropolitan  Museum,  N.  Y. ;  Pennsylvania 
Historical  Society,  Fninklin  Institute,  Journal  of  Pharmacy, 
and  Medical  News,  and  Mr.  Lorin  Blodget,  Philadelphia ; 
Mr.  P.  W.  Shnofer,  Pottsville;  U.  S.  National  Museum, 
Smithsonian  Institution,  and  Department  of  the  Literior, 
Washington, D.  C. ;  American  Philological  Association;  Dr. 
Robert  Peter,  Fmnkfort,  Ky. ;  Editor  of  the  Revista  Cien- 
tilica  Mexicana,  and  the  Ministerio  do  Fomento,  Mexico. 

Prof.  E.  D.  Cope  presented  a  pajKir  ''On  the  genera  of  the 
Creodonta." 

On  accouTit  of  the  small  attendance  the  election  of  mem- 
bers was  postponed  until  the  next  stated  meeting. 

Pending  nominations  Nos.  904,  909  to  915,  917  to  919, 
and  new  nomination  No.  920,  wore  read. 

And  the  meeting  was  adjourned. 


On  the  Oemra  of  the  CreodorUa,    By  S.  D,  Cope. 
{Read  before  the  American  Philosophical  Soeietj/t  July  10»  1880.) 

For  tho  clmractera  of  this  group  of  the  ungulculalo  mammalhi,  the  reader 
is  referred  to  the  fourth  volume  of  the  final  Report  of  the  U.  S.  QeoK 
Survey  W,  of  the  100th  Mer.,  under  Capt.  Wheeler  Pt.  li.  p.  73. 

History.  MM.  Lnurillard,  Pomel  and  others  have  referred  the  European 
Crfodonta  to  the  Manupialia,  on  account  of  the  great  similarity  of  the  den- 
tition. MM.  De  Blalnville  and  Gcrvais  have,  on  the  other  hand,  re- 
garded them  as  placental,  a  view  which  I  have  assigned  reasons*  for  be- 
lieving to  be  the  correct  one.  M.  Filliol  hiis  recently  shown  that  the  re- 
placement of  the  dentition  in  Jly(fnodon,  which  has  some  allinilies  with 

•Proceedings  Awulemy,  Phila.,  1875.     Piileontologlcnl  nullotln  No.  20,  Pec., 
1S75. 


Ihe  Crtoiionta,  ij»  quite  ns  In  tnic  placental  Cnm^'rom.  Profbsnor  Qandry 
has  expressed  the  opinion  tiiat  tiie  (Vmio/Ua  are  tlie  descendants  of  the 
JUartHpMliiU^    I  incline  to  maintain  anotlicr  view» 

If  we  sup|H>se  that  tlie  Cremhnta  an^  tlie  descendants  of  llie  MaritujiutlM, 
we  must  8Upi>oso  tliat  tlic  Ina^ctirom,  to  wl^icli  tliey  ari»  ix»latod,  aix>  also 
tlie  descendant^)  ot  the  ^f<lnH|Hnli^^,  and  this  is  on  various  j^rounds  not 
very  prol>able»  Tlie  lower  forms  of  unj?uiculaie  mammalia  with  small 
con^bnU  hemiaphci^es  aiHJ  very  much  alike  in  important  chanicters,  and  to 
these  I  have  given  the  name  of  BufMthtnfK  1  suspect  that  thia  gwup  Is 
«is  old  as  the  Afnr9upialht  and  may  even  have  given  origin  to  It.  Thai 
it  developcil  cotomporaneously  with  It  In  various  iv\rts  of  the  world  is 
evident. 

Ii69toraii0n.  The  Wus*itch  beds  of  New  Mexico  have  yielded  i*emaiim 
of  more  than  a  dosen  species,  which  ranged  fkt)m  the  sixe  ot  a  wetisel  to  that 
«f  a  Jaguar.  The  Brldger  beds  of  Wyoming  pn)bably  conuUn  iw  many 
spi»cles,  which  range  fit>m  small  slxe  to  the  dlmonsioua  of  a  bear. 

In  jjeneral  appeamnce,  the  Ct'^odonta  dlrtewd  ft\>m  the  Carnu^ora,  in 
many  of  the  species  at  lejist,  in  the  small  relative  size  of  the  limbs  as  com- 
jviivd  with  that  of  the  head,  and  In  some  Instances  as  compared  with  ihe 
sl«e  of  the  hind  feel.  The  feet  aiv  pmbably  plantigrade,  and  the  posterior 
ones  cu|mble  of  some  degi'ee  of  horizontal  rotation .  The  pmlwble  large  size 
of  tlie  n»ctus  fbmor is  muscle  Indicates  unusual  power  of  extension  of  the 
hind  limb.  They  were  tVirnlshed  with  a  long  and  large  tnll.  Prt)bably 
some  of  the  species  resembled  In  |)roportlon8  the  Mff$hmi/ii  and  ♦sV^f^Wf »(/<»», 
now  existing  In  Africa  and  the  West  Indies,  but  they  n\ostly  attained  a 
much  larger  slxe.    The  habits  of  many  of  thom  wen^  pix)bably  aquatic. 

ClaH(fietttum.  To  the  Ctro<ionta  I  have  referred,!  ^'^  ^^^^  Information 
whldi  we  possess,  the  genus  Airto<'if0n  of  Blalnvllle.  Prt)lbssor  Gervals 
has  discovered  that  It  possessed  the  very  small  cei^ebnil  hemispheit»s  ciuimc- 
terlstic  of  the  Oreodonia.  The  olfactory  lobes  are  large,  and  pix>ject  far 
Iwyond  the  hemispheres,  while  not  only  the  cerebellum,  but  preluibly  the 
con)ora  quadrlgi>mlna>  were  ex)HXHed  behind.  The  tarsal  articulation  and 
the  i>osterior  |>art  of  the  mandibular  bones  are  unknown,  hence  this  refer* 
ence  Is  not  certain.  Profcvssor  Gervals^  regiinis  it,  after  LaurlllawK§  as  a 
nmrsu))lal,  and  ostiibllshos  an  especial  family  of  the  order  for  Its  iH'ceptlon. 
It  is,  however,  more  probable  that  Its  alHnltles  are  with  the  contemporary 
genem  of  flesh-eaters,  PtiUi^mffeNn  Blv.,  and  PUroihn  Blv.,  genem  whicli 
have  near  allies  an\ong  the  American  forms.  PaUfonyeN^  was  the 
contemporary  of  the  Coryphodons  in  the  8ue8Sf>nlan  perloil  of  Western 
Eurotie,  and  presents  a  strong  resemblance  to  Ambljfchnm  In  lt.s  mandible, 
the  only  i>art  of  the  skeleton  known.  The  posterior  iwrt  of  the  nunus  is 
not  Inflected  acct>nilng  to  GerN'als,  and  he  thorefoi>e  does  not  refer  it  to  the 
JiarmpUfUa.l    The  nearest  Eurepean  representative  of  (>.ry(«H(t  Is  iV(»rf)> 

•  Knehnlnemonts  Uu  Ntonde  Anhnul,  !S7.^,  \\,  a  I. 

t  Report  Ci\pU  O.  M.  Wheeler,  K.xpl.  Surv.  W,  UW  Met'.  IS77,  Iv,  pi,  U,  \\  SS, 

I  Nouv.  nretilvcH  du  museum.  1870,  p.  I.VK 

I  nict.  «n!v.  d'hUt.  nuturelle,  Ix,  p.  400. 

I  Nouv.  urehtvcH  do  luuKoum,  INTO,  t.M. 
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dan,  in  which  the  form  of  the  mandible  also  forbids  a  reference  to  the 
Mariupialia,  as  Gervais  has  remarked.  Both  genera  are  doubtless  mem- 
bers of  the  sub-order  of  CreodorUa.  The  genus  HycBnodon,  on  the  other 
hand,  is  not  referable  to  the  same  group,  for  I  find  in  a  specimen  of  the 
H,  requieni  fn)m  Desbruges,  preserved  in  the  Museum  of  the  Jardin  des 
Flantes,  tliat  the  scaphoid  and  lunar  bones  are  coossified.  Moreover  the 
figure  given  by  Professor  Gervais*  representmg  the  brain  of  the  originally - 
described  type,  H,  leptorhynehui  of  the  Miocene  period,  displays  characters 
of  the  true  Carnvoora.  The  anterior  part  of  the  cranial  cavity  of  the 
.specimen  molded  is  broken  away. 

It  is  possible  that  the  genus  Diacodon  Cope  belongs  here  also  ;  its  spe> 
cies  resemble  slightly  the  ManupiaUa  in  the  Inferior  dentition,  and  are  of 
small  size. 

The  genus  Me$onyx,\  which  I  discovered  in  the  Bridger  beds  of  Wyo- 
ming, has  the  trochlear  face  of  its  astragalus  completely  grooved  above  as 
in  the  true  Oarnvoora,  and  its  distal  end  presents  two  distinct  facets,  one 
for  the  cuboid,  and  the  other  for  the  navicular  bones.  It  represents  on 
this  account  a  peculiar  family,  the  Meionyehidoi, 

There  are  various  degrees  of  development  of  the  sectorial  structure  of 
the  molars  in  this  sub-order.  In  some  of  them,  as  Didymietii,  only  one  of 
the  inferior  molars  presents  this  structure ;  in  others  two,  and  in  others 
three.  In  one  type,  the  last  superior  molar  is  longitudinal ;  in  others,  it 
is  transverse.    In  Arctoeyon  the  superior  true  molars  are  tubercular. 

I  have  heretofore^  defined  three  families,  the  Amblyctonida,  the  Oxya- 
nida,  and  the  Arctocyonida,  I  now  add  the  Miacida  and  Mesonychida. 
The  definitions  are  as  follows : 

I.  Ankle  joint  plane  transversely. 

True  molars  above  and  below  tubercular;  last  superior  not 

transverse • Arciocyonida, 

Superior  true  molars  tubercular;  first  inferior  'Uubercular- 

sectorial " MiaeidcB, 

Last  superior  molar  trenchant,  transverse:  inferior  true 

molars  tubercular-sectorial OxyamidcB, 

Last  supenor  molar   longitudinal;   inferior  true   molars 

without  developed  sectorial  blade AmhlyetonidcB. 

II.  Ankle  joint  tongued  and  grooved,  or  trochlear. 

Inferior  molars  each  with  one  conic  tubercle  and  a  heel ;  no 
developed  sectorial  blade MeionychidcB. 

I  now  give  the  characters  of  the  genera.  All  these  are  derived  from  ex- 
amination of  typical  specimens.  The  opportunity  of  doing  this  I  owe  to 
the  kindness  of  Messrs.  Leidy,  Gervais,  Gaudry,  Filhol  and  Lemoine. 

•  Loc.  clt.,  pi.  vl,  flg.  6, 

t  Ann.  Rept.  IT.  8.  Geol.  Surv.  Terrs.,  1872,  p.  550. 

X  Report  Capt.  G.  M.  Wheeler's  Ezpl.  Surv.  W.  100  Mer ,  1877,  Iv,  pi.  li,  p.  89. 
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ARCTOCTONIDiB. 

PrcmolaiB  } ;  the  first  inferior  one-rooted ;  the  last  in> 
ferior  well  developed • Arctoe^on  Blv. 

Premolars  below»  4,  the  first  two-rooted,  the  last  true 
molar  much  reduced • ••••....•.     Hyodecte^^  Cope. 

Premolars  below,  8,  first  two -rooted ;  true  molars  nor- 
mal   * H9teroboru9\  Cope. 

MlACIDA. 

Inferior  tubercular  molars  two,  premolars  four Miam  Cope. 

Inferior  tubercular  molars  one,  premolars  four. .......     Didymkiii  Cope. 

OXYAMIDJK. 

I.  Inferior  molars  without  internal  tubercles. 
Molars,  f  } ;  throe  sectorials  in  the  lower  Jaw PUrodon  Blv. 

II.  Inferior  molars  with  internal  cusps. 

Molars,  |  } ;  two  last  inferior  molars  tuberoular-sec- 

torial O^ycwia  Cope. 

Premolars  | ;  three  last  inferior  molars  tubercular-sec- 

torial ;  the  fourth  superior  with  a  conic  cusp  and 

heel  externally. 8tjfpolophu9  Cope. 

Premolars  | ;  three  last  inferior  molars  tubercular-sec- 

torial ;  fourth  superior  premolar  with  a  simple  blade 

externally. Proviterra  Rfitim. 

Ambltotonida. 

Fourth  inferior  premolar  with  a  broad  heel  supporting 
tubercles • Amblffetonui  Cope. 

Dental  formula  below,  8,  1,  8,  8.  Fourth  inferior  pre- 
molar with  a  cutting  edge  on  the  heel Patmon^etU  Blv. 

MB80NTCHIID.A. 

Inferior  molars  seven. Mwmyx  Cope. 

Inferior  molars  five ..••. ...    Pntr^^/sUs  Leidy. 

Of  the  preceding  genera  it  may  be  remarked,  that  the  structure  of  the 
feet  of  PUrodon  being  unknown,  it  may  be  found  hereafter  to  be  neces- 
sary to  remove  it  from  the  Omyanidm,  although  I  do  not  anticipate  that 
audi  a  course  will  be  necessary.  Palaon^eUs  is  only  known  by  the  man- 
dibular dentition,  which  is  very  near  to  that  of  Amblyetonu$.  So  also  it 
is  not  certain,  but  only  probable,  that  PatriofelU  belongs  to  the  Me^ony- 

*  Type  Ardoeyon  gervoMi  Lemolne,  Oss.  Fobs,  des  Envir.  de  Reims,  187S,  p.  S. 
t  Type  Areiooifon  dueUi  Lemolne,  1.  o.,  p.  9. 
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ehidcB  of  the  same  horizon  and  locality.     The  horizontal  and  geographical 
distribution  of  the  species  of  these  thirteen  genera  is  as  follows  : 


Arctocyon  primeevus  Blv 

Hyodectes  gervaisi  Lem 

Heteroborus  duelii  Lem 

Miacis  parvivorus  Cope 

**     edax  Leidy 

**     vorax  Leidy 

Didymictis  protenus  Cope 

Pterodon  dasyuroides  Blv 

**        biincisivus  Filh 

OxysBna  morsitans  Cope 

**       lupina  Cope 

**        forcipata  Cope 

Btypolophus  viverrinus  Cope 

secundarius  Cope  . . . 

multicuspis  Cope 

strenuus  Cope 

minor  Filh 

caylusi  Filh 

pun  gens  Cope 

brevicalcaratus  Cope 

aculeatus  Cope , 

hians  Cope 

Proviverra  tj'pica  Riilini 

Amblyctonus  sinosus  Cope 

•*  sp.  no.  2f 

Palaeonyctis  gigantea  Blv , 

Mesonyx  obtusidens  Cope 

*  *         lanius  Cope 

Patriofelis  ulta  Leidy 
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Lower 
Eocene. 
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Phytogeny.  It  is  among  the  genera  above  enumerated  that  we  arc  to 
look  for  the  ancestors  of  the  existing  Garnivora,  excepting  perhaps  the 
seals,  and  even  these  were  probably  co temporaries.  In  those  genera  with- 
out developed  internal  tubercles  of  the  molars,  we  may  look  for  the  an- 
cestors of  the  HycBnodontidcB,  a  family  which  early  attained  specialization 
at  the  expense  of  strength  of  structure,  and  did  not  survive  the  lower  Mio- 
cene period.  Such  genera  may  be  found  in  the  Mesonychidm  as  the  later, 
and  the  AmhlyctonidcR  as  the  earlier  types. 

In  distinguishing  between  the  ancestors  of  the  FelidoB  and  Canidm,  we 
naturally  seek  to  recognize  in  each,  an  anticipation  of  the  leading  characters 
in  the  dentition  which  distinguish  those  families  to-day.  This  consists,  in 
the  FelidcB,  in  the  successive  abbreviation  of  the  true  molar  series  from 
behind,  so  that  ultimately  two  molars  are  lost,  and  the  remaining  or  an- 
terior one  becomes  transverse.    On  the  other  hand  in  the  Canidm,  firstly, 

t  Represented  by  a  mandible  with  teeth,  from  Meudon,  associated  with  the 
specimens  of  ralceonyctia  in  the  Mum.  Jardin  dcs  Pluntes. 
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the  fUll  number  of  true  molars  is  retained  In  some  genera,  as  AmpMcyoHt 
and  only  one  lost  in  Cani^,  Secondly,  the  tubercular  character  of  the 
posterior  molars  in  both  Jaws  in  the  CanitU9  is  distinguished  fh>m  their 
sectorial  character  in  F\ilid(»,  Estimated  by  these  tests  the  Mtacida  are 
clearly  the  forerunners  of  the  Canida^  and  the  Oxjfanida  of  the  F^Udm» 
In  Miacii  we  have  in  fact  a  near  approach  to  the  dentition  of  (7anM,  in  the 
lower  Jaw ;  while  In  the  same  part  of  DidjftnictU  posterior  abbreviation 
has  commenced,  reminding  one  of  Vit&rra.  In  the  Oxjfmnidm,  one  degree 
of  posterior  abbreviation  Is  seen  In  St^fpolophui,  where  the  last  sui)erlor 
molar  is  narrowed  and  turned  at  right  angles  to  the  others.  In  OJiymna^ 
the  process  had  advanced  a  step,  for  there  are  but  two  superior  true  molars, 
and  the  last  of  these  is  driven  In,  transversely.  The  first  true  molar  Is  func- 
tionally sectorial  In  this  genus,  while  the  hist  premolar  Is  the  true  sectorial  of 
the  superior  series  In  existing  Carnirom,  In  the  .Inferior  series  there  are 
only  two  true  molars  In  Oi^ycsna,  both  primitive,  or  ^'tubercular-sectorlal" 
In  character.  In  existing  F^Hdit  the  second  Is  lost,  while  the  tlrtt  undergoes 
great  changes  In  becoming  a  specialized  sectorial.  The  forms  of  the  ^^lidcs, 
which  are  nearest,  are  the  Crffptoprocta,  and  the  Promluru$  of  Fllhol,  but 
they  only  follow  afler  a  wide  Interval.  I  have  elsewhere  discussed  the 
successive  steps  In  the  evolution  of  the  sectorial  Itself.*  I  have  also 
pointed  outf  the  successive  shortening  of  the  aiit«?rlor  part  of  the  dental 
series  In  the  If\*lida  and  other  groups  of  existing  Car/iioora,  which  came 
later  in  time. 

The  following  table  will  give  an  Idea  of  these  affinities,  and  the  phylog- 
eny  to  be  derived  fh>m  them  : 


Felldft. 


Feldw, 


OxyofncL 

\ 

StypolitphuB. 

\ 

Oxysenldie. 


Canldte. 


Canldm. 


Mlacidte. 


Ilyoenodontlda). 


Mesonychlidoe. 


Amblyctonidie. 


Synonymy,  Prof.  Gaudry  has  united  Stypolophu$  {CynohycBnodon 
Fllhol)  with  Prwiv&rra,  Afler  an  examination  of  ci^sts  of  RUtlmeyer's 
types  preserved  In  the  Museum  of  the  Jardin  des  Plantes,  I  retain  them  as 
distinct  for  the  reasons  given  above.  Mr.  Bose  in  an  Interesting  ))a)>er  on 
this  subject  published  in  the  London  Geological  Magazine  for  May  and 

♦  Proceedlnic«  Acad.  Philii.,  1875,  p.  21. 

t  Fclidce  and  Cauldw.  1.  o.,  1870,  p.  100-170.  « 
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June,  1880,  unites  Didymictis  with  Palceonyctis.*  Having  examined  the 
types  of  both  genera,  my  conclusion  as  expressed  in  the  preceding  pages 
is  very  different.  On  the  other  hand,  I  have  good  reason  for  believing  the 
species  to  which  the  name  Synoplotherium  was  given,  8.  lanius,  is  really 
a  second  species  of  Mesonyx^  of  larger  size  than  the  M,  obtusidens,  and 
otherwise  different.  It  is  likely  that  some  of  the  species  of  the  Bridger 
formation,  to  which  Marsh  has  applied  generic  names,  belong  to  the  Ore- 
odonta^  and  may  belong  to  some  of  the  genera  described  by  myself.  The 
fact  that  no  generic  definition  accompanied  the  publication  of  those  names, 
renders  their  use  impracticable. 


Stated  Meeting^  August  20, 1880. 

Present,  4  members. 

President,  Mr.  Frederick  Fraley,  in  the  Chair. 

Mr.  Joseph  C.  Fraley,  a  newly  elected  member,  was  intro- 
duced, and  took  his  seat. 

Letters  of  acknowledgment  were  received  from  the  Royal 
Society,  June  8  (100,  101,  102,  103);  the  Royal  Society, 
New  South  Wales,  June  14  (101,  102, 103) ;  Royal  Institu- 
tion, July  12  (105) ;  the  Victoria  Institute,  July  10  (105) ; 
the  Statistical  Society,  London,  July  20  (105) ;  Society  of 
Antiquaries,  July  21  (105);  University  Library,  Cambridge, 
July  19  (105) ;  the  Museum,  Newcastle-upon-Tyne,  July  19 
(105) ;  New  Hampshire  Historical  Society,  August  12  (106 
and  List);  New  Jersey  Historical  Society,  August  11  (106 
and  List) ;  Essex  Institute,  August  12  (106  and  List) ;  Bos- 
ton Public  Library,  August  14  (106  and  List) ;  U.  S.  Mili- 
tary Academy,  August  13  (106  and  List) ;  Dr.  C.  H. 
F.  Peters,  Litchfield,  A.  of  Hamilton  College,  Clinton, 
Oneida  county.  New  York,  August  17  (106  and  List) ; 
American  Ethnological  Society,  New  York,  August  12  (106 
and  List) ;  Connecticut  Historical  Society,  Hartford,  August 
18  (106  and  List) ;  American  Antiquarian  Society,  Worces- 
ter, August  13  (106  and  List) ;  and  from  Dr.  E.  Jarvis, 
Prof.  W.  P.  Blake,  Dr.  T.  M.  Drown,  and  Mr.  W.  B. 
Taylor  (106  and  List). 

*X  have  Just  seen  thl^  paper,  having  already  written   what  precedes  this 
par».grapli. 


Letters  of  envoy  were  received  from  the  Adelaide  Obser- 
vatory, June  3, 1880,  and  the  Government  of  Victoria,  Aus- 
tralia, Agent  General  for  Victoria,  June  8  ;  Victoria  Cham- 
bers (Westminster,  S.  W.),  April  28, 1880. 

A  letter  was  received  through  Mr.  Phillips  from  Mr.  B. 
B.  Diney,  dated  8822  Market  street,  Philadelphia,  July  16, 
accompanying  a  piece  of  the  cog-wheel  of  the  old  Independ- 
ence Hall  Clock. 

Donations  for  the  Library  were  received  from  the  Prus- 
sian Academy ;  Zoologische  Anzeiger ;  Geographical  So- 
ciety of  Paris  ;  Annales  des  Mines  ;  Revue  Politique  ;  Com- 
mercial Geological  Society  of  Bordeaux ;  Belgian  Academy ; 
Nature ;  Franklin  Society,  Providence,  R.  I. ;  Cambridge 
Observatory  ;  American  Chemical  Society,  New  York  Acad- 
emy of  Sciences ;  American  Academy  of  Sciences,  Boston ; 
Franklin  Institute ;  Journal  of  Pharmacy  ;  Medical  News ; 
American  Journal  of  Science  ;  U.  S.  Coast  Survey  ;  U.  S.  Geo- 
graphical Surveys  ;  Missouri  Historical  Society ;  American 
Antiquarian,  Chicago ;  Bol.  Min.de  Fomento,  Revista  Scien- 
tifica,  Mexico ;  Revista  Euakara,  Pamplona ;  Camoens  Cele- 
bration, Lisbon ;  Asiatic  Society  of  Japan ;  Government  of 
Victoria  and  New  Holland  Institute. 

The  death  of  Dr.  Paul  Broca,  at  Paris,  July  10,  1880, 
was  announced. 

The  death  of  M.  VioUet  le  Due,  not  previously  noted,  was 
also  reported. 

Communications  were  received  from  Prof.  John  J.  Steven- 
son. 1.  "Notes  respecting  are-eroded  channel- way ;"  and 
2.  "Notes  on  some  features  of  the  geology  of  Wise,  Lee 
and  Scott  counties  in  Virginia  ;"  each  illustrated  by  three 
cuts. 

Mr.  Fraley  reported  the  receipt  of  the  last  quarterly  in- 
terest on  the  Michaux  legacy,  $132.12,  due  July  1, 1880. 

The  Publication  Committee  reported  that  they  had  seen 
and  approved  the  drawings  of  fourteen  plates  for  Prof.  S.  S. 
llaldeman's  memoir  on  the  Chickis  cave  relics. 

And  the  meeting  was  adjourned. 
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Notes  respecting  a  Re-eroded  Channel-way.  By  John  J,  SteMneon,  Pro- 
JeMor  of  Geology  in  the  Unvoersity  of  the  City  of  New  York.  ( With 
three  wood  cuts.) 

{Read  before  the  American  Philosophical  Society,  Aug.  20,  1880.) 

The  north  branch  of  the  Canadian  river  is  formed  near  west  longitude 
104°  30'  at  about  25  miles  south  from  the  northern  boundary  of  New 
Mesico  by  two  small  streams,  which  rise  in  the  Katon  hills  and  drain  much 
of  the  Trinidad  Coal  Field.  Within  25  miles,  the  river  enters  a  canon, 
which  deepens  rapidly  until,  at  50  miles  from  its  head,  its  nearly  vertical 
walls  are  almost  1100  feet  high,  while  the  width  of  the  gorge  at  the  bottom 
varies  from  150  to  800  feet.  Thus  far  no  important  tributary  enters  the 
river  in  the  canon,  but  the  petty  side-canons  show  that  at  some  time  or 
other  much  water  must  have  flowed  in  from  the  Canadian  plains.  At 
probably  50  miles  from  the  head  of  the  canon  the  Canadian  river  is  in- 
creased by  the  Mora  river,  which  rises  on  the  east  slope  of  the  Las  Vegas 
range  and  flows  eastward  to  the  Canadian.  Its  canon  becomes  close  at  a 
little  way  south  from  Fort  Union,  and  thence  to  the  Canadian  the  river 
flows  at  the  bottom  of  a  gorge  with  bold  vertical  walls,  becoming  higher 
as  the  stream  descends,  until  at  the  mouth  of  the  canon  they  rise  to  1090 
feet  above  the  "bottom,"  where  some  half  savage  Mexicans  gain  a  scanty 
livelihood  by  cultivating  little  patches  of  com  and  melons. 

Both  caiions  have  the  hard  Upper  Dakota  sandstone  as  their  rim,  and 
that  rock  is  the  surface  rock  of  the  plains  between  the  cations,  where  a  few 
relics  of  the  Middle  Cretaceous  beds  remain,  protected  by  a  plate  of  basalt 
which  covers  the  Low  Mesas  or  Table  hills. 

An  extinct  volcano,  at  7  miles  east  from  Fort  Union,  forms  the  southern 
extremity  of  the  Turkey  mountains — ^the  Gallinas  hills  of  Dr.  Newberry's 
San  Juan  report — a  curious  qua-qua-versal,  which  deserves  much  closer 
study  than  could  be  given  to  it  by  either  Dr.  Newberry  or  myself.  The 
volcano  has  been  visited  by  Dr.  Newbeny,  Dr.  LeConte,  Dr.  Hayden  and 
the  writer.  The  crater  still  retains  its  form  and  the  rim  is  broken  only  on 
the  southern  side,  an  imperfection  due,  perhaps,  in  some  measure  to  erosion, 
bat  in  greater  part  to  the  pressure  of  the  lava.  The  eruption  to  which 
this  mountain  owes  its  origin  occurred  in  the  later  Tertiary,  and  the  lava 
is  basaltic. 

The  basalt  extends  northward  but  a  very  little  distance  and  the  flow  Was 
toward  the  south  through  the  breach  in  the  crater.  The  lava  was  followed 
from  the  breach  directly  to  the  Mora  caiion,  the  passage  beginning  along  an 
arroyo  or  dry  water  course,  where  the  basalt  rests  on  Upper  Dakota  sand- 
stone, though  occasionally  a  little  debris  intervenes.  At  one  locality,  some 
tufaceous  limestone,  characteristic  of  the  Santa  F4  Marls,  belonging  to  the 
Loup  River  epoch,  is  included  in  the  debris. 

Entering  the  Mora  canon,  the  basalt  followed  the  gorge  to  its  mouth,  and 
was  in  such  volume  as  to  flow  up  the  Canadian  canon  to  a  distance  of  near- 
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ly  three  miles.  How  fkr  it  went  below  the  month  of  the  Mora  caiion  was  not 
ascertained.  The  continuity  of  the  flow  is  distinct  throughout  and  the 
general  features  of  the  rock  in  the  Canadian  cation  are  the  same  with  those 
observed  in  the  crater  itself. 

A  solid  crust  forms  quickly  on  the  surface  of  cooling  basalt.  It  is  prol)- 
able,  therefore,  that  the  Mora  river  was  not  long  displaced ;  but  that  it,  as 
well  as  the  Canadian,  soon  regained  its  channel  and  began  once  more  the 
work  of  corrasion.  The  features  shown  in  the  caflons  are  of  no  small  in- 
terest, for  the  extent  of  erosion  prior  to  the  basalt  flow  is  as  clearly  exhib- 
ited as  is  the  extent  of  the  erosion  since  that  event.  The  features  are  best 
studied  in  the  Mora  cafion,  at  the  mouth  of  which  the  following  measure* 
ments  were  obtained : 

1.  From  river  surface  to  bottom  of  basalt 880' 

8.      **     same  to  top  of  basalt 620' 

8.      ••  *•      brink  of  the  chasm ,890' 

4.      *♦  "      topofwall 1090' 

The  chasm  is  therefore  230  f^et  deeper  than  when  the  basalt  flood  took 
possession  of  it. 

As  the  present  caiions  do  not  wholly  coincide  with  the  ancient  gorges,  the 
numerous  curves  exhibit  the  base  of  the  basalt  sheet  very  satisfactorily.  The 
old  valley  of  the  Mora  was  benched  or  slightly  terraced,  so  that  the  lava  rests 
against  a  wall  of  sandstone,  and  overflows  the  bench  of  which  that  Is  the 
escarpment,  as  is  shown  in  flg.  1  : 

PiJ.l. 

A 


FtQ.  l.^Showtng  (brm  of  thoanolont  oafion.   a.~Dakota  sandstone.   ft.^Rasnlt, 

A  breccia  frequently  appears  in  the  bottom  of  tlie  sheet,  as  though  the 
molten  rock  had  caught  up  dubris  in  its  flow. 

The  basalt  terrace  at  the  J  unction  of  the  cafions  indicates  that  the  ancient 
cafion  of  the  Canadian  was  much  wider  than  that  in  which  the  river  now 
flows. 

The  south* west  wall  of  the  old  cafion  lies  at  nearly  a  mile  f\irther  from 
the  river  than  does  the  present  wall,  which  Is  capped  by  the  sheet  of  bi\salt. 
It  is  very  evident  that  before  the  basalt  outpouring  occurred  the  cafions  had 
been  digged  down  at  tholr  Junction  to  800  foet  below  the4)resent  level  of  the 
plain,  and  that  the  depth  was  reduced  to  470  feet  by  the  influx.  But  since 
the  streams  regained  their  chaunol-ways,  material  to  the  depth  of  620  feet 
has  been  removed  by  corrasion ;  so  tliat  the  vertlciU  cutting  since  the  flow 
ceased  is  very  nearly  equal  to  that  done  before  the  flow  began.  This  cut- 
ting is  wholly  the  result  of  corrasion,  tlio  wetvr  of  the  streams  u|x>n  their 
1k!iiIs. 
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The  enormous  erosion  on  the  plains  and  in  the  tributary  cafions  must  have 
antedated  the  Turkey  Mountain  eruption.  The  basalt  rests  on  the  Dakota 
sandstone  between  the  crater  and  the  Mora  cation  ;  it  has  flowed  into  the  trib- 
utary canons,  where  it  still  remidns  ;  the  stream  is  almost  wholly  continu- 
ous across  the  plain  ;  the  surface  of  the  sheet  is  scarcely  scarred  in  the  side 
canons  ;  while  on  the  terraces  of  the  Mora  canon  and  on  the  broad  terrace 
between  that  and  the  Canadian  canon,  the  surface  is  as  regular  as  though  the 
flow  had  occurred  less, than  100  years  ago.  Such  facts  make  it  sufficiently 
clear  that  since  the  Turkey  Mountain  eruption,  the  rainfall  has  been  com- 
paratively insignificant.  But  this  season  of  dryness  must  have  been  pre- 
ceded by  one  of  much  greater  rainfall,  unless,  indeed,  we  conceive  that  the 
erosion  had  been  continuing  for  an  indefinite  period.  But  a  moment's 
consideration  will  show  that  such  a  continuance  is  impossible  ;  remnants  of 
the  Colorado  shales  remain  on  the  plains  as  mesas  nearly  1000  feet  high, 
which  have  been  protected  from  erosion  by  a  thick  plate  of  basalt.  This 
plate,  which  covers  the  Canadian  hills  east  from  the  Turkey  mountains  and 
is  an  outlier  of  a  vast  basaltic  area,  marks  the  occurrence  of  a  previous 
outpouring,  not  earlier  tlian  the  beginning  of  the  Pliocene.  The  enor- 
mous erosion,  then,  must  have  been  performed  during  the  interval  between 
the  eruptions,  which,  in  a  geological  sense,  could  not  have  been  very  long. 
There  seems,  therefore,  no  room  for  doubting  that  a  great  climatal  change 
passed  over  this  region  ;  that  during  the  interval  between  the  eruptions  the 
rainfall  was  great,  sufficing  for  the  removal  of  the  thick  Colorado  group  and 
the  digging  out  of  the  many  imposing  arroyos  or  side-canons,  but  that 
since  the  later  Pliocene  the  region  has  been  arid,  the  corrasion  of  the  cafions 
having  been  done  by  water  drained  from  the  mountains. 

But  the  new  canons  do  not  coincide  with  the  old  ones,  A  small  bit  of  basalt 
caps  a  hill  in  the  Canadian  canon,  at  somewhat  more  than  2  miles  above  the 
mouth  of  Mora  river  ;  within  a  short  distance  lower,  the  canon  bends  west- 
ward, and  the  thick  bed  of  basalt  is  well  exposed,  covering  a  terrace  on 
the  south  wall ;  soon  the  gorge  curves  southward  and  becomes  very  narrow 
as  it  passes  through  the  basalt,  which  caps  both  walls,  its  base  being  nearly 
200  feet  above  the  stream.  But  within  one-fourth  of  a  mile,  a  slight  bend 
eastward  carries  the  canon  beyond  the  basalt,  which  now  lies  only  on  the 
western  wall  and  covers  a  bench,  stretching  thence  to  the  canon  of  Mora 
river.  A  fragment  of  basalt  remains  in  the  former  canon  on  an  isolated 
hill  almost  immediatelv  below  the  mouth  of  Mora. 

The  present  cailon  of  Mora  river  has  the  basalt  altogether  on  its  north- 
easterly side  for  a  distance  of  nearly  a  mile  and  a  half,  and  a  fragment  of 
the  old  westerly  wall  still  remains  as  an  irregular  conical  hill,  rising  above 
the  basalt  terrace.  At  a  little  way  above  this,  the  basalt  has  been  wholly 
eroded  from  both  sides  of  the  canon,  excepting  only  an  insignificant  and 
badly  broken  patch  on  the  south  side ;  but  immediately  above  this,  the 
gorge  becomes  clo«e,  and  the  basalt  is  shown  on  both  sides. 

It  is  evident,  then,  that  the  canons  have  boon  re-eroded  partly  along  the 
original  line  or  through  the  basalt,  and  partly  alongside  of  the  ancient 
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chasms,  the  basalt  appearing  somotimcs  on  one  side,  sometimes  on  the 
other,  and  occasionally  on  both  sides.  One  may  easily  determine  whether 
or  not  the  cafion  is  wholly  beyond  the  limits  of  the  ancient  gorge,  since  if 
it  be,  tiie  wall  Is  sheer  to  the  top  ;  whereas,  if  the  course  be  along  the  old 
channel-way,  and  the  absence  of  the  btisalt  be  due  to  erosioui  the  bench 
praviously  covered  by  the  lava  Is  still  distinct.  The  cross  sections  exhibit 
the  features  very  satisfactorily ;  thus  In  ptisslng  ttom  one  cailon  to  the 
other  at  a  little  way  above  the  Junction,  one  would  find  the  condition 
shown  in  Fig.  2. 


Fi(4. 2.— Section  aorosa  oitfiona  of  Canadian  and  Mora  rivers  near  tUolr  Junotion. 

The  basalt  covora  the  level  bench  between  the  two  cafions,  while  the 
higher  wall  of  each  Is  r*omiK)sed  firom  top  to  bottom  of  the  Dakota  rocks. 
But  at  a  mile  and  a  half  f\irther  up  the  streams  the  structure  is  as  shown 
in  Fig.  8  whei*e  the  biisalt  appears  on  both  sides  of  each  cafion.    Here  both 


Ff G,  3.— Seotion  aoross  oafiousof  Omadtan  and  Mora  rivers,  two  miles  above 

thoir  J  unction. 

streams  have  cut  their  way  through  the  basalt,  whereas  in  the  other,  both 
cations  are  outside  of  the  sheet. 

This  new  channel -way  luis  been  digged  out  of  rocks  of  unequal  hardness, 
and  the  corraslon  seems  to  have  gone  on  with  equal  nipidity  everywhere. 
The  gorge  Is  as  deep  where  the  basalt  plate  appears  In  lK)th  walls  as  It  is 
where  the  basalt  Is  on  one  side  or  wholly  away  from  the  CAfLon.  The  only 
ol)8ervable  difference  Is  that,  where  cut  through  the  basalt,  the  cafion  is 
very  narrow,  and  the  cutting  has  been  confined  to'  the  Immediate  channel- 
way  :  whereas,  the  gorge  Is  wide  and  shows  a  '*  bottom  **  where  it  has 
been  worn  In  the  sedimentary  rocks  only.  The  Canadian  and  the  Mora 
are  exceedingly  rapid  and  very  imiwrfectly  loaded.  Their  corraslve  power 
is  far  greater,  therefore,  than  might  ho  supposed,  if  their  volume  alone 
were  considered. 
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mountfiin.  Unft)rtunately,  there  was  no  opiwrtunity  to  make  acoiirato 
measuremonts  of  horizontal  diHtan(H>8  and  ttie  scale  of  the  crosm-Bectiona  is 
prolMibly  somewhat  distorted.  In  noltiver  owe  was  Powell  mountain 
crossed  along  the  lino  of  section  and  the  details  respecting  Its  southern  side 
are  taken  fVom  features  ol>served  in  the  Nortli  Fork  gap. 

The  western  section  is  shown  in  Fig.  1. 


Fio.  I,— Croftn-sectlon  fVom  oroHt  of  lUack  Mount4iin  toHOUth-eaMtorn  uldo  of 
Powell  Mountain,  n.  Black  Mounttiln;  6,  Stone  Mountiiln;  r«  t*tM)r  VuUoy 
UUlKe;  d,  WaUt*n*R  UldKo;  r,  Powell  MounUUu;  /,  Htouo  MounUiii  nuilt;/\ 
ftiult  of  Poor  Vftlloy  Rttlgo.  1,  Coal  Moiwuros;  %  Oonulomoralc;  .1,  Lower  Owr- 
boniA.>rou8;  4,  Devonian;  ft,  Upper  Silurian;  tt,  Lower  Silurian, 

Beginning  at  Black  mountain,  one  tinds  himself  amid  the  Coal  Meiuiures ; 
going  southward,  he  sees  a  slow  but  steady  increase  in  dip  until,  as  he  ap- 
proaclies  the  Big  Stone  gap,  it  becomes  nearly  two  degrees.  But  there  the 
increase  is  very  rapid,  so  tlmt  at  the  head  of  the  gap  the  BenU  conglomer- 
ate is  dipping  north- north -west  at  80  degraes.  The  Lower  Oarbonifert>us 
limestone  forms  a  l)old  clitf  on  both  sides  near  the  mouth  of  the  gap  and 
dips  in  tlio  same  dlrt^ction  at  70  degrees.  Here  a  fault  occurs,  and  one 
comes  at  once  to  black  nhnlrn  of  unknown  thickness,  dipping  In  like  direc- 
tion at  Imrely  30  degrees.  Below  these  are  the  Lower  Ileiderberg  rocks, 
wdll  exix>sed  and  of  ctmsidemble  thickness.  On  tlve  south  side  of  tlio  Poor 
valley,  and  tlie  northern  slope  of  Poor  Valiey  ridge,  are  the  Clinton  rocks 
with  the  fossilifertnis  ores,  which  continue  to  the  head  of  ('odar  gap, 
through  which  one  amies  to  Turkey  cove,  sepamtlng  Poor  Valley  ridge 
fW)m  Wallen^s  ridge.  At  the  head  of  this  gap,  one  cn)sses  anotlier  fault 
and  soon  comes  to  the  Trenton  limestone,  wliicli  is  pressed  into  many  short, 
close  curves,  but  finally  takes  an  almost  due  east  dip  on  the  northerly  face 
of  Wallun^s  ridge.  The  Mtulina  stindstone  is  shown  on  the  crest  of  tluit 
ridge,  while  the  Clinton  and  Lowur  Heldeixlerg  rocks  are  well  exposed  in 
the  valley  between  Wallen's  ridge  and  Powell  mountAin.  Tlie  black 
shales  appear  in  the  side  of  the  latter  rtdgo,  with  the  Lower  Carl)oniferous 
limestone  higher  up  and  the  Conglomerate  at  the  crest.  On  the  op))osite 
side  of  the  mountain  Hunter's  valley  is  reached  and  there  one  finds  the 
Coal  Measures. 

The  other  section,  extending  fhnn  the  crest  of  Atone  mountain  to  that 
of  Powell  mtmntain,  is  not  more  than  seven  miles  distant  from  the  otlier 
section,  but  It  shows  a  grt»at  dlflferenoe  In  the  struct uiv. 
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Here,  beginning  at  Stone  mountain,  one  finds  as  before  the  Coal  Meas- 
ures, Conglomerate  and  Lower  Carboniferous  forming  tliat  mountain  ;  in 
the  valley,  the  black  shales  are  shown  at  the  base  of  each  ridge,  while  the 
Lower  Helderberg  rocks  occupy  the  center  of  tlie  valley,  where  they  de- 
scribe an  anticlinal,  exceedingly  sharp  near  the  axis,  but  showing  much 
gentler  dips  on  each  side  as  Stone  and  Powell  mountains  are  approached. 
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Fig.  2.— Cross-section  from  crest  of  Stone  Mountain  to  that  of  Powell  Moun- 
tain.   Tlie  dotted  lines  show  extent  of  material  removed  by  erosion. 

It  is  altogether  probable  from  the  best  information  attainable  that  a  fault, 
rudely  parallel  to  Stone  mountain,  exists  in  Kentucky  at  but  a  little  way 
from  the  State  line. 

The  general  structure  of  the  region  between  Black  mountain  and  the 
Clinch  river  will  be  discussed  in  another  part  of  this  paper. 

The  Coal  area  between  Black  mountain  and  Stone  mountain  is  extensive, 
but  that  within  Hunter's  valley  is  insignificant. 

The  Coal  Area  Drained  by  Pigeon  and  Roaring  Forks  op 

Powell  River. 

The  Coal  area,  which  begins  immediately  behind  Stone  mountain  and 
extends  thence  to  beyond  the  crest  of  Black  mountain,  is  evidently  the 
same  with  the  Kentucky  series,  so  well  exposed  in  Harlan  and  Letcher 
counties  of  that  State.  The  upper  part  of  the  Serai  ( Potts ville)  Conglomer- 
ate forms  the  northern  face  of  Stone  mountain  and  the  Coal  Measures  come 
in  at  the  foot  of  the  ridge,  where  the  dip  is  very  nearly  vertical. 

A  series  of  barometrical  observations  shows  that  the  series  rises  eastward 
from  the  mouth  of  Callahan  creek,  about  a  mile  above  the  head  of  Big 
Stone  gap.  This  rise  of  the  whole  region  is  rapid  and  is  suflScient,  if  con- 
tinuous, to  carry  most  of  the  beds  into  the  air  within  a  few  miles  ;  so  that 
only  the  lowest  beds  could  be  found  at  but  a  little  way  beyond  the  Little 
Stone  gap. 

For  the  most  part,  this  region  is  still  a  wilderness,  and  exposures  rarely 
occur  except  in  the  stream  beds,  which,  owing  to  rapid  fall,  are  usually 
clear.  Several  of  the  tributaries  to  Roaring  fork  were  followed  almost  to 
their  heads  in  the  south-east  side  of  Black  mountain  ;  and  this  general  sec- 
tion was  compiled  from  the  measurements  made  on  them. 
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1.  Kot  examined  in  detail 500' 

2.  Goal  bed 0'  4" 

8.  Sandstone 30' 

4.  Coal  bed 1 '  5 " 

5.  Sandstone  and  shale 115' 

6.  Goal  bed 0'  6" 

7.  Sandstone 70' 

8.  Coal  bed 2' 

9.  Fireclay  with  stigmaria 2' 

10.  Sandstone 12' 

11.  Coal  bed 1' 

12.  Sandstone 70' 

13.  Shale 20' 

14.  Coal  bed 0'  4" 

15.  Sandstone 26' 

16.  Shale 4' 

17.  Coal  bed ; 0'  10" 

18.  Ill  exposed,  mostly  sandstone 65' 

19.  Coalbed 7' 3" 

20.  Sandstone 35' 

21.  Coal  bed 3'  6" 

22.  Sandstone 60' 

23.  Coal  bed 3'  6" 

24.  Ill  exposed,  mostly  sandstone ., 120' 

25.  Coal  bed Blossom. 

26.  Sandstone 70' 

27.  Coalbed 1' 

28.  Shale  and  sandstone 22' 

29.  Coal  bed .extreme  thickness  15' 

30.  Sandstone 45' 

31.  Shale from  0'  to    5' 

32.  Coal  bed exireme  thickness    8' 

33.  Shale 6' 

34.  Sandstone 35' 

35.  Carbonaceous  shale 0'  4" 

36.  Sandstone 70' 

37.  Ill  exposed,  mostly  sandstone 65' 

38.  Sandstone 30' 

39.  Coalbed 2' 

40.  Shale 10' 

41.  Sandstone 40' 

42.  Coalbed 2' 

43.  Shale  and  sandstone 100'  ? 

44.  Coal  bed  And  ahsAe 5' 

45.  Interval  to  conglomerate estimated  at  80' 

Total 1751' 
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Exposures  become  poor  near  the  top  of  Black  mouDtain  along  all  of  the 
streams  which  were  followed,  and  the  upper  part  of  the  section  was  not 
made  out.  Sandstones  and  shales  seem  to  be  continuous  for  200  feet  above 
the  highest  coal  bed  seen  in  place  ;  but  there  is  certainly  one  coal  bed  within 
the  undetermined  interval  beyond,  as  fragments  of  cannel  were  found 
abundantly  at  fully  200  feet  up  in  that  space.  No  limestone  occurs  in 
beds,  but  some  nodular  limestone  was  discovered  within  six  feet  above  No. 
17;  and  fragments  of  an  exceedingly  impure  limestone,  with  a  cone-in-cone 
structure  in  its  more  argillaceous  portions,  were  found  above  No.  6. 

Calahan  creek  is  the  main  tributary  of  Roaring  fork ;  its  larger  branches 
are  known  as  Kelly's,  Church  House  and  Preacher  runs.  Looney  creek 
is  an  important  stream  entering  Roaring  fork  near  its  junction  with 
Pigeon  fork.  On  all  of  these,  as  well  as  on  Pigeon  fork,  exposures  were 
found,  but  the  upper  part  of  the  section  was  obtained  satisfactorily  only 
on  Preacher  run. 

The  study  was  not  sufficiently  prolonged  to  admit  of  classifying  the  beds 
or  of  determining  their  relations  to  the  groups  recognized  in  Pennsylvania. 
There  seems,  however,  to  be  a  natural  line  of  division  about  midway  in 
the  section  :  for,  above  the  coal  bed.  No.  19,  to  within  250  feet  of  the  top  of 
the  column,  no  thick  coal  bed  occurs.  It  may  be  that  the  lower  portion, 
for  about  883  feet,  is  equivalent  to  the  Lower  Coal  Measures  of  Pennsyl- 
vania as  represented  on  the  Great  Kanawha  river  of  West  Virginia,  and 
that  the  upper  portion  is  equivalent  to  the  Lower  Barren  Group  of  Penn- 
sylvania. I  have  notice^  in  another  place*  the  extraordinary  thickening 
of  the  Lower  Coal  Measures  southward  ;  how  this  group,  rarely  more  than 
350  feet  thick  in  Pennsylvania  increases  southward  from  the  line  of  the 
Baltimore  and  Ohio  railroad  in  West  Virginia,  until  in  Randolph  county  it 
is  700  or  800  feet  thick.  The  increase  continues  southward  and  on  the 
Great  Kanawha  the  same  group  is  upwards  of  1200  feet  thick. 

On  the  Kanawha,  the  top  of  this  group  is  distinct ;  for  the  ** flint  ledger'* 
occurring  in  close  proximity  to  the  Mahoning  sandstone,  is  a  well-marked 
horizon.  But  on  the  headwaters  of  Powell  river  the  *' flint  ledge**  seems 
to  be  wanting,  and  no  traces  of  it  could  be  found.  The  division  here, 
therefore,  is  arbitrary  and  a  final  determination  of  the  matter  must  be  post- 
poned until  opportunity  has  been  had  for  less  hurried  investigation.  It  is 
quite  possible  that  the  full  thickness  of  the  group  is  not  given  in  the  sec- 
tion, as  the  lower  intervals  were  merely  estimated. 

If  the  top  of  the  Kanawha  series  be  at  coal  bed.  No.  19,  some  representa- 
tive of  the  Upper  Productive  Coal  Series  of  Pennsylvania  may  be  sought 
near  the  crest  of  Black  mountain ;  for  while  the  Lower  Productive  Coal 
Series  shows  the  remarkable  increase  southward,  the  Lower  Barren  Group 
shows  no  such  increase.  Its  extremes  are  500  and  700  feet,  both  of  which 
may  be  found  within  the  limits  of  a  single  township  in  different  parts  of 
Pennsylvania.     No  system  of  variation  in  this  group  has  been  discovered, 
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possibly  because  the  group  possesses  comimratively  llttlo  economic  import- 
ance, so  that  it  has  received  less  study  than  has  been  given  to  the  other  coal 
groups  of  Pennsylvania.  But  the  cUwe  investigation,  which  Mr.  W.  G. 
Piatt  has  l)een  making  of  this  group  for  the  Pennsylvania  Geological 
Survey  may  remove  the  obscurity, 

Tl\e  coal  b4d^  No.  10,  as  exposed  on  Preacher  run,  has  the  following 
structure  : 

1.  Cannel 2' 

a.  Shale 0'4" 

8.  Slaty  coal 0'  4" 

4.  Shale 0' 5"  [  7' 8" 

5.  Coal 0'  5" 

6.  Shale 0' 4" 

7.  Coal 8' 5" 

The  cannel  is  compact  and  much  like  that  which  is  obtained  in  Arm- 
strong county  of  Pennsylvania.  It  contains  many  fVagments  of  sandstone, 
whose  presence  seems  to  indicate  that  the  material  of  which  the  coal  wiis 
made  was  pulpy,  not  like  that  which  accumulated  to  form  the  ordinary 
beds.  No  distoiiion  of  the  coal  appears,  such  as  was  seen  about  the  largo 
ftragment  which  I  discovered*  in  the  ScwirkUff  coal  bed  in  Fayette  county, 
Pennsylvania.  The  fhigments  are  small  and  angular,  and  doubtless  they 
were  attached  to  some  ti'ee,  which  had  been  uprooted  during  a  ft^shet. 
The  same  bed  was  seen  on  Calahan  creek,  where  it  shows : 


Coal. 
Shale 
Coal. 
Shale. 
CoaL 


0'5" 
10' 
1'3" 
7' 
0'5" 


19' 


and  is  therefore  worthless. 

Cttal  bed,  No.  81,  is  exiK)scd  on  Preacher  run  and  Calahan  creek,  and 
fragments  of  it  >vere  seen  on  Looney  creek,  though  the  bed  itself  was  not 
found.  On  Preacher  run  it  is  finely  shown  at  two  miles  fVom  the  mouth 
of  the  stream,  whore  it  is  fh)m  8'  6''  to  8'  thick  and  yields  a  epltnt  coal  of 
remarkably  fine  quality.  The  roof  is  a  hard,  comimct  st^udstone  and  the 
cml  shows  but  insigniflcant  partings.  An  analysis  of  this  cot\l  by  Mr.  A. 
8.  McCreath,  of  the  Penn.  Qeol.  Surv.,  gave 

Water  at  225° 0.880 

Volatile  matter 87.580 

Fixed  carbon 58 .059 

Sulphur 0.406 

Ash 8.075 


*  Second  Qeol.  Surv.  of  Penn.   Rep.  on  Puyetto  and  Westmorelcind  oounties. 
[KK.]|).2l6. 
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This  coal  is  well  adaptcil  for  uso  in  tlie  farnaco,  as  it  has  an  extremely 
low  |H«rc(*ntai;i'  of  sulphur  and  ash.  The  aualyHia  Just  givon  may  bu  cou\. 
\Virvi\  with  one  of  the  S/iaron  or  Jihrk  coal^  which  is  usoii  extonslvoly  In 
the  Inm  works  of  etistorn  Oliio.  This  is  also  by  Mr.  McCrtnth,  and  is 
given  in  lioiH)rt  MM  of  tho  '^d  (U'ol.  Surv.  of  Ponu.,  p.  09. 

Water  at  255* 3.700 

Volatile  matter 85.81K) 

Fixed  carlnm 63.875 

8ulphur 0.075 

Ash 0.800 

Coal  bid  No.  d8,  is  very  simlhir  to  the  last.  It  is  8'  0''  thick  on 
Preacher  run,  hut  is  4'  0"  on  LtK)ney  creek.  It  is  iwrsistent  throughout 
the  area  examined  and  holds  its  thickness  well. 

Only  the  blossom  of  No.  25  was  seen.  No.  27  is  persistent  but  always 
thin.  Lying  as  it  does  between  two  plates  of  hard  sandstone,  It  Is  ot\en 
usef\il  in  indicating  the  place  of  tlie  large  bed  below. 

Coal  bed.  No.  20,  is  exceedingly  variable,  thtmgh  altogether  persistent. 
It  has  been  opened  on  Pigeon  fork  at  probably  twothlrds  of  a  mile  above 
the  mouth  of  the  stream,  where  it  shows : 


Coal 0'  10" 

Shale OMO" 

(V(i/ 9'5'' 

Bhale,  averaging 0'  8" 

Coal 4'  0" 


14'  10'' 


A  similar  structure  was  seen  on  the  first  branch  of  Pigeon  fork,  and  at 
iMHh  localities  the  upper  division  is  so  slaty  as  to  be  appanuitly  of  little 
value.  The  middle  divislcm  is  soH,  has  a  prismatic  structure  and  cokes 
well ;  the  lower  division  is,  for  the  most  jiart,  a  splint  coal  of  very  fklr 
quality,  though  it  is  somewliat  inclined  to  be  slaty  near  the  iHise.  On 
LiKMiey  cn»ek,  only  the  middle  and  lower  divisions  remain,  the  upper  divi- 
sion having  been  removed  by  a  horseback  of  clay.  Tlie  chanvoter  of  the 
remaining  divisions  Is  the  same  us  on  Pigeon  fork,  but  the  coal  is  more 
liked  and  that  from  the  middle  division  is  carried  to  long  dislances  for  use 
by  blacksmiths.  Eastward  fronj  Looney  creek,  the  bed  is  exceedingly 
variable  :  on  Preacher  run  it  is  but  two  mches  thick,  on  Kelly's  run  it  is 
insignlHcant,  and  on  Church  House  run  It  seems  to  be  not  more  than  one 
foot  Hut  at  an  exiH)8ure  niMir  Roaring  fork,  at  about  two  miles  above 
the  head  of  Hig  Stone  gap,  the  bed  is  evidently  very  thick*  though  the  ex- 
posure is  too  indertnlte  to  admit  of  deflnlte  meusurtunent.  At  all  localities 
the  lower  parting  shows  many  impressions  of  t^it/iUttna  and  J^jfriti^odifn^ 
(iron. 

Am  the  middle  division  of  this  bed  seemed  to  be  a  good  coking  eoal^  a 
sample  was  forwartled  to  Mr.  McCreath  for  analysis.     Its  (H)mtM)sition  Is  : 
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Water  at  225^ 1,610 

Volatile  matter 88.850 

Fixed  carbou 57.871) 

Sulphur .* 0.771 

Ash 0.890 

which  shows  it  to  be  a  gas  coal  of  superior  quality.    The  coke»  in  point  of 
ash,  caiinqt  be  excelled. 

Coal  b4d.  No.  82,  is  the  most  important  and  least  variable  bed  of  the 
series  and  it  is  likely  to  prove  of  great  economical  imporUmce,  as  it  will 
afford  cok6  for  working  the  vast  deposits  of  iron  ore  which  exist  along  the 
line  of  the  Atlantic,  Mississippi  and  Ohio  railroad  and  in  Northwestern 
North  Carolina.  It  was  scon  on  all  of  the  sti*enn)s  except  Looney  and 
Calahan  creeks>  the  place  of  the  bed  being  concealed  on  those  streams 
where  the  water  runs  over  it.  A  lino  of  springs  marks  its  outcrop  on 
Pigeon  fork  and  the  coal  is  exposed  on  the  first  branch  of  that  fork.  An 
imi)erfect  opening  on  Church  House  run  shows  : 


Coal 

Slmlo 0'5"    ^7'0" 

Coal 3MV' 


8'  10"  \ 
0'5"    [ 


The  top  iiart  of  the  bed  for  eleven  inches  Is  very  hard,  a  true  splint, 
which  is  an  advantage,  as  the  roof  is  not  always  secure ;  but  the  remainder  of 
the  upper  bench  is  very  soft  and  much  of  it  has  a  prismatic  structure.  The 
lower  bench  is  somewhat  less  sofi.  but  is  very  tender.  The  coal  taken  out 
at  this  opening  cokes  well.  An  exposure  near  the  mouth  of  Preacher  run 
shows : 


CiHtl 2'  8'' 

Parting 

Coal 1' 

Shale 0'3" 

Coal 8' 


6'  11" 


At  a  mile  fUrther  up  the  run,  the  bod  has  the  same  structure,  but  is  only 
6'  9''  thick.  The  coke  made  at  the  latter  opening  is  very  haix),  ))oi'ous  and 
silvery.    On  Kelly's  run  the  bed  Is  somewhat  thicker  and  shows  : 

Coal 4'5''^ 

Shale 0'8''U'5" 

Coal 8' 9"  J 


But  the  character  of  the  exposure  is  not  such  (\s  to  indicate  the  quality  of 
the  eoaL  The  same  bed  is  shown  on  a  little  branch  of  Uotiring  fork, 
where  it  is  not  far  fWnn  eight  foot  thick.  tSigillana  and  iSt/rinjodendron 
impressions  are  numerous  in  the  shale  parting. 

To  determine  the  quality  of  the  coat,  samples  were  taken  l\>>m  all  the 
benches  except  the  hard  splint  coal  on  top.  These  yielded  the  following 
on  analysis  by  Mr.  McCrcath  : 
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Water  at  225*» 1.880 

Volatile  matter 35.920 

Fixed  carbon 60.591 

8ul  phur 0. 594 

Ash 1.515 

It  is  therefore  a  coking  coal  of  marvelous  excellence.  The  ooke  will  con- 
tain less  than  three  per  cent,  of  ash  and  barely  a  half  per  cent,  of  sulphur. 
This  coke  is  far  superior  to  that  from  the  Connellsville  region,  and  better 
than  that  from  the  Oxmoor  Works  in  the  Cahawba  basin  of  Alabama.  It 
is  decidedly  better  than  the  coke  from  the  New  Kiver  region  of  West 
Virginia. 

No.  89  is  a  persistent  though  valueless  bed.  It  has  been  mined  near  the 
mouth  of  Church  House  run,  where  it  is  two  feet  thick  and  yields  an  in- 
ferior 8pli7it  coal,  which  is  very  rich  in  sulphur.  Its  blossom  appears  in  the 
bluff  above  tlie  road  alongside  of  Koaring  fork  for  nearly  two  miles  above 
the  head  of  Big  Stone  gap. 

The  interval,  No.  87,  could  not  be  made  out.  The  whole  face  of  the 
coal-area  fronting  on  Hoaring  and  Pigeon  forks  is  injured  by  extensive 
slides,  which  conceal  this  interval  everywhere. 

No.  42  was  seen  above  the  mouth  of  Calahan  creek  in  the  bed  of  Roaring 
fork,  and  in  the  bed  of  Pigeon  fork  at  probably  a  mile  above  its  mouth. 
The  coal  is  said  to  be  very  good,  a  condition  due  no  doubt  to  the  removal 
of  its  sulphur  by  the  water. 

The  remainder  of  the  section  was  not  measured.  The  lower  members 
rif>e  quickly  toward  Stone  mountain  and  the  rate  of  dip  varies  so  greatly 
that  thicknesses  could  not  be  determined  during  a  mere  reconnaissance. 

The  Sbhal  (Pottsyille)  Conolomerate. 

The  Conglomerate  forms  the  northern  side  of  Stone  mountain  and  its 
cliffs  dip  N.  N.  W.  at  between  70  and  80  degrees.  The  intervals  between 
these  cliffs  must  be  occupied  by  shales  or  very  soft  sandstones  as  they 
afford  no  exposures.  The  group  as  shown  in  the  Big  Stone  gap  is  not  less 
than  1000  feet  thick,  but,  owing  to  the  dense  forest,  it  was  impossible 
either  to  gain  a  general  section  or  to  get  the  detailed  structure  of  any  por- 
tion. It  was  not  determined,  therefore,  whether  or  not  the  Quinnemont 
series  of  coa2  beds  is  present  here.  This  cannot  be  ascertained  until  the 
foliage  has  fallen. 

The  sandstones  in  the  cliffs  vary  from  fine-grained  to  coarse  conglomer- 
ate, the  latter  containing  quartz  pebbles  as  large  as  a  pigeon's  egg.  The 
highest  bed  ib  a  moderately  fine-grained  rock  and  is  well  shown  at  the  head 
of  the  gap,  where  it  dips  at  80  degrees.  This  is  known  as  the  "  Bee-rock, " 
as  the  laurel  blossoms  covering  it  are  the  resort  of  immense  numbers  of 
bees  during  the  early  summer.  It  shows  many  rude  impressions  of  Sigil- 
laria  and  extends  along  the  north  face  of  Stone  mountain  to  beyond  the 
Little  Stone  gap. 
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Thb  Lower  Carboniferous. 

Like  the  Conglomerate,  these  rocks  are  found  only  in  the  mountains, 
and  details  respecting  their  thickness  and  composition  cannot  be  ascertained 
uhtil  after  the  foliage  has  disappeared.  They  are  shown  along  the  south 
face  of  Stone  mountain  from  Little  Stone  gap  westward  to  the  Tennessee 
line,  and  on  the  northerly  face  of  Powell  mountain  frgm  that  gap  to  the 
North  Fork  gap,  where  the  Carboniferous  series  ends.  The  Umbral  Lime- 
stone follow^s  the  left  hand  side  of  the  gap  until  within  a  short  distance  of 
Clinch  river. 

No  detailed  exposure  of  the  interval  between  the  Conglomerate  and  the 
Umbral  Limestone  was  discovered,  but  it  is  not  far  from  500  feet  thick,  and 
appears  to  be  filled  chiefly  with  red  shale,  of  which  a  few  short  exposures 
were  seen. 

The  limestone  appears  as  a  cliff  along  the  southern  face  of  Stone  moun- 
tain and  is  well  shown  on  both  sides  of  Big  Stone  gap,  where  it  dips  N. 
N.  W.  at  70  degrees,  and,  as  nearly  as  can  be  estimated,  is  between  250 
and  300  feet  thick.  The  turnpike  is  cut  through  it  at  Little  Stone  gap. 
Thence,  along  Powell  mountain,  it  is  seen  as  a  broad  band  to  the  North 
Fork  gap,  where  its  outcrop  bends  eastward  and  follows  the  left  hand  side 
of  the  gap  almost  to  Clinch  river.  For  the  most  part,  this  rock  is  com- 
pact and  fine  grained,  but  some  of  the  beds  are  granular.  Chert,  in  nodules 
as  large  as  an  ordinary  orange,  is  plentiful  in  one  layer.  Fossils  occur 
throughout  the  mass,  but  the  specimens  are  not  silicified  and  the  species 
are  not  readily  identifiable.  Productus  cora  and  Zaphrentis  spinosa  were 
obtained  near  the  mouth  of  Big  Stone  gap.  Many  layers  of  this  limestone 
are  very  pure  and  yield  a  lime  of  superior  quality.  The  rock  is  cavernous 
and  the  large  caves  in  Powell  mountain  afforded  a  supply  of  saltpetre  to  the 
Confederates  during  the  late  war. 

Whether  or  not  rocks  of  Vespertiiu  age  have  been  brought  up  along  the 
face  of  Stone  mountain  was  not  ascertained  ;  but  the  position  of  the  lime- 
stone at  a  few  miles  west  from  the  Big  Stone  gap  renders  probable  that  no 
representative  of  that  group  has  been  brought  up.  On  the  northerly  face 
of  Powell  mountain,  however,  the  succession  is  unbroken  and  the  Vesper- 
tine rocks  are  undoubtedly  present  there,  although  they  are  concealed.  A 
coal  bed  exists  in  the  North  Fork  gap  at  a  considerable  distance  below  the 
limestone  and  therefore  belongs  to  this  group.  Coal  from  it  was  used  at 
a  Catalan  forge  in  the  gap. 

The  Devonian  Rocks. 
The  immense  Devonian  series  of  New  York  and  Pennsylvania  is  insig- 
nificant here  and  is  represented  only  by  black  shales,  which  are  exposed 
along  the  foot  of  both  Stone  and  Powell  mountains.  These  shales  cross 
the  valley  near  Little  Stone  gap,  where  their  dip  is  abrupt  near  the  central 
line  of  the  valley,  but  becomes  gentler  toward  each  mountain.  They  are 
the  equivalent  of  Prof.  Safford's  ''Black  shales.''  Their  thickness  was 
not  determined  accurately,  but  it  cannot  exceed  500  feet.  No  fossils  were 
found  in  them. 
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The  Upper  Silurian  Rocks. 

The  Lower  Helderberg,  the  Clinton  and  the  Medina  were  recognized. 

The  Lower  Helderberg. — The  rocks  of  this  group  are  exposed  in  the  Poor 
▼alley;  on  the  eastern  end  of  Wallen's  ridge;  in  the  valley  between 
Wallen's  ridge  and  Powell  mountain ;  in  the  North  Fork  gap,  and  on  the 
south-eastern  slope  of  Powell  mountain  beyond  that  gap.  The  exposures 
are  very  fair  and  a  complete  section  could  be  obtained  without  much  diffi- 
culty. 

The  estimated  thickness  is  not  far  from  250  feet.  For  70  feet  from  the 
bottom  the  series  consists  of  limestones  in  beds  of  from  three  to  five  feet, 
separated  by  shales  in  somewhat  thicker  layers.  The  lower  limestones  are 
sihcious,  but,  toward  the  top,  the  beds  are  purer  and  one  of  them,  black, 
fetid  and  four  feet  thick,  contains  abundance  of  Leperditia,  Overlying 
this  is  a  succession  of  coarse-grained  calcareous  sandstones,  shales  and 
silicious  limestones,  not  well  exposed  along  the  line  followed  in  the  at- 
tempt to  secure  a  section.  The  lower  calcareous  sandstone  is  shown  in  a 
line  of  low  hills  near  Big  Stone  gap,  and  also  on  the  turnpike  within  a 
mile  of  Cedar  gap;  the  larger  of  the  silicious  limestones  is  shown  near  the 
pike  opposite  the  gap,  and  also  on  the  north  side  of  Powell  river  at  barely 
a  mile  below  the  gap.  It  is  very  light  in  color  and  has  a  cherty  look. 
Immediately  above  it  is  a  coarse  reddish-gray  sandstone,  closely  resembling 
the  Oriskany  sandstone  of  New  York. 

The  lower  sandstone  is  well  shown  on  the  pike,  where  it  seems  to  be 
made  up  almost  wholly  of  casts  of  Orihis  oblata,  Bhynchonella  ventricom, 
and  undetermined  Merisiella, 

The  silicious  limestone  yielded  Grinoid  stems,  abundant ;  Aspidocrinus 
seutelliformis ;  Ghcetetes ;  Favosites;  Atrypa  reticularis;  Strophomena 
rhomboidalis  ;  Strophodonta  ;  8pirifer  eydopterus  ;  Meristella  ;  Rhyn- 
chonella  nucleolaia ;  Orthis  oblata;  and  other  forms  which  were  not 
recognized. 

The  immediately  overlying  sandstone  has  a  broad  Meristelln  ;  Spirifer 
perlamellosa  ;  Favosites ;  Ganinia  helderberg  ice ;  the  last  two  in  great 
abundance. 

At  some  distance  up  the  valley,  say  four  miles  above  the  Big  Stone  gap,  on 
property  belonging  to  Mr.  Spencer,  the  upper  silicious  limestone  becomes 
impregnated  with  brown  hematite.  Usually  only  the  joints  have  been 
filled,  but  occasionally  for  considerable  distances  the  rock  has  been  replaced 
by  limonite.  The  ore  is  too  silicious  to  be  of  any  value.  The  fossils  are 
distinct.  Along  the  valley  between  Walleu's  ridge  and  Powell  mountain, 
the  Lower  Helderberg  rocks  can  be  followed  easily ;  the  silicious  limestone 
and  the  lower  calcareous  sandstone  have  been  replaced  to  a  greater  or  less 
extent  by  brown  hematite.  The  outcrop  of  the  lower  ore  follows  the  hillside 
above  the  road  for  miles,  while  the  upper  bed  follows  the  creek-bottom 
almost  to  the  head  of  Wildcat  creek.  Much  of  the  ore  at  the  upper  horizon 
is  exceedingly  poor,  but  there  are  some  pockets  of  decidedly  good  material. 
The  fossils  are  the  same  with  those  seen  at  the  same  horizon  in  the  Poor 
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valley.  The  lower  horizon  makes  a  flae  showing  along  the  hillside  and  the 
fVagmcnts  that  have  fallen  to  the  road  are  ofleu  of  sucli  excellent  quality  that 
a  passing  observer  might  be  led  to  suppose  that  the  dei>o8it  is  of  uniformly 
good  quality.  Unfortunately,  the  ore  hero,  as  at  every  other  locality,  is 
variable.  Much  of  it  is  merely  the  sandstone  iKirmeated  with  linumite, 
sometimes  half  its  bulk  being  ore.  There  are,  however,  nunieix>us  pockets, 
some  of  them  very  large,  which  contain  ore  of  marked  excellence,  as 
appears  flx)m  the  following  analysis  by  Mr.  McCreath  ; 

Metallic  iron 52.550 

Sulphur 0.037 

Phosphorus 0.051 

Insoluble  residue 7.840 

Thus  containing  only  .097  of  phosphorus  In  100  parts  of  Iron. 

This  hematite  occurs  on  the  south-o^ist  face  of  Powell  mountain  lieyond 
the  North  Fork  gap,  but  no  examination  was  made  there  to  determine  its 
extent  or  quality. 

Ths  Olinton  Group.— In  the  low  hills  alongside  of  the  turnpike  and 
op|X)8lte  the  Big  Stone  gap,  the  following  succession  of  the  rocks  under* 
lying  the  Lower  Ilelderberg  was  made  out . 

1.  Mostly  concealed,  with  here  and  there  an  insignificant 

exposure  of  sandstone  ;  probably  contains  some  pure 
limestone,  as  fVagments  were  seen  on  the  surface. 
Estimated  at 350' 

2.  Red  to  yellow  fissile  shales,  with  thin  layera  of  fine 

grit.    Dip  almost  vortiaU 60' 

8.  Imperfectly  exi>oscd ;  has  occasional  layers  of  reddish 

grit 85' 

4  Fine  grained  calcareous  grit,  i>assing  downward  into 
sillcious  limestone.  The  upper  half  contains  little 
calcaraous  matter  and  is  very  liard  ;  but  toward  the 
base,  the  rock  becomes  compamtively  good  lime- 
stone. No  fossils  were  seen.  The  dip  at  the  top  is 
70  degrees,  but  decreases  downwaixl,  becoming  56 

degrees  at  the  base , 60' 

5.  A  concealed  interval 76' 

6  Deep  red  fiaggy  stuidstone,  very  fine*grained  and  ex- 
ceedingly hard  ;  dip  is  80  degrees  towaixi  N.  N.  W. 
This  rock  contains  many  FueoitU,  but  no  other 
fossils  were  seen  except  a  weathered  cast  of  Ortho^ 
eeraa 8' 

7.  Shales,  red  to  yellow,  brittle,  with  thin  layera  of  liard 

shale  containing  Fucoids.     The  dip  is  indistinct. . , .     50' 

8.  Silicious  limestone,  not  unlike  that  seen  in  the  Lower 

Ilelderberg ,      5' 
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Below  this,  the  succession  is  very  indistinct  along  the  three  lines  on 
which  a  section  was  attempted.  The  cherty  limestone  contains  many 
fossils,  but  they  are  not  well  preserved,  and  the  species  are  indistinct. 

Below  the  rocks  of  the  section  is  a  series  of  shales  and  sandstones,  in 
which  are  found  the  fossil  ores  of  this  group.  No  estimate  of  the  whole 
thickness  was  made. 

The  Clinton  rocks  are  well  shown  on  the  south  side  of  Poor  valley,  and 
from  the  northern  face  of  Poor  Valley  ridge.  They  occur  on  the  north  side 
of  Wallen's  ridge  above  the  mouth  of  South  Fork  of  Powell  river,  and  are 
well  exposed  along  the  southerly  face  of  that  ridge  for  several  miles.  They 
appear  also  on  the  south-easterly  slope  of  Powell  mountain  beyond  the 
North  Fork  gap.     At  all  of  these  localities  the  fossil  ores  are  found. 

Three  beds  of  ore  were  seen  In  the  Poor  Valley  region.  The  highest  be- 
longs probably  within  the  concealed  interval  No.  7  of  the  section.  It 
shows  itself  in  the  bank  of  Powell  river  at  about  half  a  mile  from  the  gap 
with  a  thickness  of  from  5  to  8  inches,  and  a  dip  of  56  degrees  toward 
N.  25°  W.     It  is  included  in  greenish  shales,  which  are  rich  in  Fucoids, 

The  second  bed  crops  out  in  the  *•  bottom"  at  say  half  a  mile  further 
down  the  river.    It  is  important,  and  has  the  following  structure  : 

Hard  ore 4' 8'' 

Soft  ore 2'  6" 

The  upper  layer  has  very  fair  ore  in  its  lower  20  inches,  which  could  be 
used  in  a  furnace.  It  is  harder  than  the  tender  fossiliferous  ore  below,  and 
contains  fewer  fossils,  but  it  is  much  less  hard  than  the  other  part  of  this 
layer.  The  strike  is  N.  40°  E.,  and  the  dip  is  45  degrees.  The  bed  was 
followed  for  a  considerable  distance,  but  no  material  variation  in  thickness 
was  observed. 

A  third  bed  was  seen  near  Cedar  gap,  but  the  exposure  there  is  some- 
what indefinite.    The  hard  ore  predominates,  and  is  far  from  being  good. 

The  last  two  beds  occur  on  Wallen's  ridge  at  but  a  little  way  above  the 
mouth  of  South  Fork  of  Powell  river. 

Two  beds  only  were  seen  on  the  south  face  of  Wallen's  ridge  along 
Wildcat  creek,  a  tributary  to  the  South  fork.  One  of  these  is  25  inches 
thick,  and  dips  at  10  degrees  in  an  almost  east  direction.     The  other  bed 

shows  :  Soft  ore 2' 

Hard  ore 2'  2" 

overlying  one  foot  of  ferruginous  shale,  which  rests  on  a  flaggy  sand- 
stone. The  upper  part  of  the  soft  ore  is  almost  granular,  and  can  be  re- 
moved with  a  shovel,  but  it  is  inferior  to  the  other  part,  and  contains 
many  small  rounded  quartz  pebbles.  The  hard  ore  shows  very  few  fossils. 
The  dip  is  11  degrees  and  almost  due  east. 

The  ordinary  ore  of  this  region  is  very  good,  as  appears  from  the  follow- 
ing analysis  by  Mr.  McCreath,  of  a  specimen  from  Wallen's  ridge  : 
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Metallic  iron 6d.600 

Sulphur 0.018 

Phosphorus 0.  tl6 

Insolublo  residue 18. 140 

there  being  but  .220  of  phosphorus  in  100  parts  of  inm. 

The  very  soil  or  gn\nular  ore  was  analyzed.  It  has  the  same  clian\cter 
as  the  last,  except  that,  owing  to  the  presence  of  the  quartz  pebbles,  the 
insoluble  residue  is  very  great.  The  proportion  of  phosphorus  is  .228  in 
100  parts  of  iron. 

Throe  beds  were  scon  in  the  area  along  the  south-oast  slope  of  Powell 
mountain  beyond  the  North  Fork  gap.  The  highest  one  is  thin  and 
contains  only  silicious  ore.     The  second  bed  shows : 

Ore V 

Shale 1 ' 

LimesioM  and  Ore 0'  5'' 

Shale 0'  4" 

Ore 0'  5" 

Shale 0'  4" 

O  ro 1 ' 

At  50  foot  below  this,  the  interval  being  DUod  with  sandstone,  another 
bed  was  seen  showing  : 

Very  soft  ore 1'  8" 

Hard  ore 1'  6" 

The  ore  in  both  of  these  beds  is  leaner  than  that  scon  in  Poor  valley  and 
on  Wallen's  ridge,  but  it  can  be  mined  very  cheaply.  Those  Powoll 
mountain  ores  show  the  fossils  much  more  distinctly  than  do  those  in  the 
other  localities  and  the  forms  are  larger.  Leptocalia  h4mUphenoai  Strep- 
torhffnc7ixi9  subplana  and  the  pygidium  of  a  Galfftnene  occur  abundantly. 

The  Medina  Sandstone, — This  was  soon  only  on  the  crest  of  Wallen's 
ridge  near  the  head  of  the  valley  soimratlng  that  ridge  ft'om  Poor  Valley 
ridge.  It  is  a  moderately  coarse,  light  jgray  sandstone,  evidently  more  than 
800  feet  thick,  and  so  far  as  observed  contains  no  fossils. 

The  Lowku  Siluuian  Hocks. 

No  ix)Gks  of  this  age  appear  in  tho  Poor  valley  within  at  least  15  miles 
west  from  the  Big  Stone  gap ;  nor  are  thoy  exposed  between  Wallen's 
ridge  and  Powell  mountain  between  North  Fork  and  Little  Stone  gap ;  nor 
do  they  come  to  the  surface  along  the  south-east  slope  of  Powoll  mounlam 
beyond  that  gap.  But  they  are  well  exposed  on  the  northerly  face  of  Wal- 
len's ridge  and  in  Wallen's  valley,  wliich  sepamtes  that  ridge  fVom  Powell 
mountain  beyond  the  North  Fork  gap. 

Limestone  is  tho  prevailing  rock  and  there  is  little  reason  to  believe  that 
even  tho  base  of  tho  limeslone  of  II  is  reacliod  at  any  exposure  within  the 
area  examined.  With  the  limestone,  shale  is  interstratifled,  which  is  some- 
times llssile  but  often  comiMct  and  not  laminated.    One  cannot  fall  to  note 
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the  deep  red  color  of  the  debris  covering  the  outcrop  of  the  limestone, 
which  so  otlen  resembles  the  decomposed  outcrop  of  a  limonite  bed. 

In  Wallen's  ridge  the  limestone  has  an  almost  east  dip,  but  in  the  valley 
between  that  ridge  and  Poor  Valley  ridge  it  is  pressed  into  very  close 
abrupt  folds,  in  which  the  dips  sometimes  exceed  60  degrees.  In  these 
folds,  too,  the  dip  is  twisted,  so  that  instead  of  being  east  and  west,  it  be- 
comes first  N.  W.  and  S.  E.,  and  then  N.  N.  W.  and  8.  S.  E.  The  lowest 
member  of  the  series  is  a  mass  of  reddish  to  yellow  shales,  which  are  so 
distorted  that  their  thickness  could  not  be  determined.  These,  however, 
are  probably  only  a  part  of  the  limestone  series. 

Whether  or  not  any  shales  intervene  between  the  limestone  and  the 
Medina  sandstone  above,  was  not  ascertained,  as  a  concealed  interval  occu- 
pies the  space  between  the  two  formations.  These  rocks  do  not  come  to 
the  surface  again  toward  the  east  until  near  Clinch  river,  where  Stock 
creek  has  eroded  a  tunnel  through  a  hill  of  the  limestone.  In  the  limestone 
of  Wallen*s  ridge,  Strophomena  alternata,  Leptcsna  sericea,  Orthis  oeci- 
dentaUa  and  other  species  characteristic  of  the  Trenton  limestone  occur 
abundantly. 

General  Structube  of  the  Region  between  Black  Mountain  and 

Clinch  River. 

The  following  diagram.  Fig.  3,  which  is  a  continuation  of  Fig.  1,  repre- 
sents the  structure  of  the  region  between  the  fault  of  Poor  Valley  ridge 
and  Clinch  river : 
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Fig.  .^— From  Poor  Valley  Ridge  to  Clinch  River.    ^.—Hunter  Valley. 

The  Stone  Mountain  FiiuU  is  the  '*  Clinch  River  uplift  *'  of  Prof.  Lesley, 
which,  according  to  his  map  of  1872,  continues  far  toward  the  east  and 
throughout  its  entire  course  is  tlie  southern  and  southeastern  border  of  the 
coal  field. 

The  fault  to  which  the  mountain  is  due  is  sharp ;  the  Umbral  lime> 
stone  on  its  southern  face  dips  at  70  degrees ;  the  Serai  conglomerate, 
at  more  than  80  degrees  ;  but  the  dip  decreases  with  great  rapidity,  dimin- 
ishing from  80  to  2  degrees  within  a  very  few  rods  and  soon  becoming  less 
than  1  degree.  Only  tlie  lowest  rocks  of  the  coal  measures  are  involved  in 
this  abrupt  dip  and  of  those  the  projecting  portions  have  been  removed  by 
Pigeon  and  Roaring  forks  of  Powell  river  within  the  area  visited. 

Lix^king  across  the  valley  fnnn  Stone  mountain  to  Powell  mountain,  one 
sees  at  once  the  relations  of  the  Stone  Mountain  fault ;  for  the  Poor  Valley 
Ridge  fault  is  representeii  there  only  by  a  gentle  anticlinal.  The  conditions 
are  as  shown  in  Fig.  2,  where  the  dotteil  lines  r^'present  portions  which  have 
been  removed  by  erv^sion  ;  the  whole  solution,  as  given  in  the  diagram,  is  pre- 
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served  at  the  head  of  the  South  Fork  of  Powell  river,  where  the  divide  be- 
tween that  stream  and  the  Wost  Fork  of  Stone  creek  joins  the  two  moun- 
tains.  The  figure  exhibits  the  fact  that  here  there  is  a  cracked  anticlinal,  with 
the  crack  at  some  distance  ni>rth  fhim  the  line  of  the  axis.  The  succession 
of  the  rocks  on  the  south  side  of  the  axis  is  continuous  from  the  Lower 
Helderberg  to  the  Om\  Metisures,  the  latter  Iwlng  present  in  Hunter  valley, 
on  the  southerly  side  of  Powell  mountain  ;  but  on  the  north  side  of  the 
axis  the  succession  is  bn>ken,  and  the  Black  Shales  of  the  Devonian  rest 
against  the  upturned  Iteds  of  the  Lower  Carlx)niforous.  It  is  evident  that 
during  the  plication  of  the  ix)cks  the  beds  gave  way,  and  that  the  lateral 
shove  was  so  strong  as  to  push  those  on  one  side  of  the  fracture  into  an  almost 
vertical  i>ositiun,  while  those  on  the  other  side  were  simply  raised  or  per- 
haps pushed  over  on  to  the  upturned  edges  of  some  lower  rocks,  which 
are  not  shown  at  the  surfat'c  along  the  line  of  the  fault  It  is  altogether 
prolNible  that  the  rocks  noiv  occupying  the  valley  along  the  southern  foot 
of  Stone  mountain  rest  on  bml'*  of  Vespertine  age. 

The  verticttl  extent  of  this  fault  is  less  than  one  might  sup|>ose,  and 
doubtless  is  little  more  than  6000  feet.  The  Devonian  is  represented  here 
only  by  bU\ck  shales  which  are  of  iiu»onsidenible  thickness  when  comjmred 
with  the  great  mass  of  Devonian  rocks  in  New  Yt)rk  and  Pennsylvania. 
If  ei*osi<m  had  not  removed  so  much  material  along  the  Powell  river  and 
its  tributaries,  one  might  have  found  throughout  only  the  condition  indi- 
cated by  the  dotted  lines  in  Fig.  3 :  and  the  vertical  extent  of  the  fault 
would  have  been  regardeil  as  altogether  inslgnlficitnt,  for  the  Lt»wer  Car- 
Iwniferous  limestone  is  practically  in  cont*vct  on  both  sides  of  the  fault  in 
the  vicinity  of  the  Little  Stone  givp. 

The  Fault  of  Poor  ValUy  Ridye,--A  petty  anticlinal  exists  between 
Powell  and  Sttme  mountain  in  the  valley  near  the  Little  Stone  gap.  Its 
di|^  are  more  abrupt  on  the  northern  than  the}'  are  on  the  southern  side, 
while  at  the  same  time  they  are  much  more  abrupt  near  the  axial  line  than 
they  are  at  a  little  distance  fVom  it.  Only  the  Devonian  and  Lower  Helder- 
Iterg  rocks  are  brought  to  the  surface  in  the  valley  here. 

At  but  a  little  towanl  the  west  a  cntck  ap[)ears  in  this  anticlinal  and  soon 
develops  into  the  well-marked  fault  of  Poor  Valley  ridge,  which  is  approxi- 
mately parallel  to  the  Stone  Mountain  fault  and  lies  at  say  three  miles  S.  S. 
E.  fh>m  it  £ix>sion  has  been  actively  at  work  along  the  southerly  side 
of  this  fault  and  has  divided  Wallen*s  ridge  into  Poor  valley  ridge  and 
Wallen*8  ridge,  the  sei>anUion  first  l)ecoming  distinct  at  Cedar  gap,  some- 
what more  than  a  mile  below  the  mouth  of  the  South  Fork  of  Powell  river. 

As  the  two  faults  are  approximately  pamllel,  the  dii^  are  the  same  In 
direction  on  the  northern  side  of  both ;  but  on  the  southerly  side  of  the 
Poor  Valley  Ridge  fault,  the  dijw  are  almost  due  east  as  is  well  shown  at 
the  head  of  Turkey  cove.  Entering  this  valley  from  tlie  north  by  way 
of  Cedar  gap,  one  finds  the  structure  represented  in  Fig.  1.  The  Clinton 
rocks  on  the  north  side  of  the  fault  strike  N.  70^  E.  The  Lower  Silurian 
rocks,  on  the  opposite  side,  which  have  been  shoved  into  closely  conipresscd 
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folds,  have  at  first  N.  N.  W.  and  S.  S.  E.  dips  :  but  within  a  very  short  dis- 
tance the  direction  changes  to  N.  W.  and  S.  E.  ;  and  the  veering  toward 
tlie  east  continues  until,  on  the  side  of  Wallen'a  ridge,  the  great  Trenton 
limestone  dips  at  N.  80°  E.,  very  nearly  the  same  as  the  strike  of  the 
Clinton  rocks.  Dips  of  30  to  60  degrees  are  common  enough  on  the  northern 
side  of  the  fault,  but  on  the  southerly  side  they  seldom  exceed  10  degrees. 

The  fault  of  Poor  Valley  ridge  is  evidently  a  cross  fault.  It  continues 
into  Tennessee  and  is  crossed  by  Powell  river. 

The  Region  between  Wallen's  Bidge  and  Clinch  River. — Wallen's  ridge 
and  Powell  mountain  are  one  in  structure  ;  the  valleys  separating  them 
are  monoclinals ;  and  the  beds  shown  on  Powell  mountain  reached  at 
one  time  to  the  crest  of  Wallen's  ridge,  or  better,  perhaps,  to  the  fault 
which  is  the  southerly  line  of  the  Poor  Valley  ridge.  No  detailed 
examinations  were  made  beyond  Powell  mountain ;  and  the  notes  were 
obtained  only  while  passing  along  the  Estilville  road  from  the  head  of 
North  Fork  gap  to  Clinch  river.  Some  details  respecting  the  conditions 
existing  within  a  few  miles  further  north-east  were  received  from  General 
Imboden.  who  had  crossed  Powell  mountain  into  Hunter's  valley. 

If  the  reader  will  consult  the  map  accompanying  Prof.  Lesley's  memoir 
of  1872,  he  will  see  that  Powell  mountain  curves  somewhat  sharply  toward 
the  south-east  near  the  western  edge  of  the  map.  This  bend  is  due  to  ero- 
sion by  a  branch  of  the  South  Fork  of  Powell  river,  and  marks  no  change 
in  geological  structure.  A  similar  bend  occurs  at  the  North  Fork,  which 
is  due  to  erosion  by  the  North  Fork  of  Clinch  river. 

There  appears  to  be  a  general  uplifting  of  the  whole  area  south-westward ; 
for  the  dips  grow  gentler  in  that  direction,  and  the  synclinal  between 
Wallen's  ridge  and  Clinch  river  seems  to  grow  shallower.  The  axis  of  ele- 
vation curves  toward  the  south-west  not  far  beyond  the  North  Fork  gap, 
and  the  dip  on  the  slope  of  Powell  mountain  becomes  south-east.  The  Car- 
boniferous rocks  do  not  extend  beyond  the  North  Fork  gap  ;  and  thence,  as 
far  as  was  examined,  only  the  Upper  Silurian  rocks  are  shown  on  the  slope 
of  the  ridge ;  nothing  newer  than  the  Devonian  black  shales  is  present 
along  the  North  Fork  of  Clinch  river  after  it  leaves  the  gap.  Possibly  the 
absence  of  the  later  rocks  may  be  due  in  large  measure  to  erosion.  The 
Carboniferous  rocks  are  well  shown  on  the  north-eastern  side  of  the  pass, 
until  within  two  or  three  miles  of  the  Clinch  river.  The  axis  of  the  syn- 
clinal was  not  observed.  The  Lower  Silurian  limestone  was  reached  again 
on  Stock  creek,  a  tributary  of  Clinch,  which  within  a  mile  of  its  mouth 
passes  under  a  hill  through  a  large  tunnel  excavated  in  the  Trenton  lime- 
stone. 

This  tunnel  is  properly  regarded  as  a  natural  wonder.  Its  approaches 
are  imposing,  and  the  cliff  of  limestone,  overhanging  its  mouth,  is 
more  than  450  feet  high.  A  railway  route  was  once  surveyed  through 
this  tunnel,  but  the  line  was  condemned  as  dangerous,  since  huge  blocks  of 
the  limestone  frequently  fall  from  the  overhanging  cliff. 
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Dratnaqb  and  Erosion. 

Two  forks  of  Powell  river,  Pigeon  aud  Roivrmg.  rise  on  the  southern 
side  of  Black  mountain  and  unite  at  the  head  of  Big  Stone  gap,  by  which 
the  resulting  stream  cii>8se8  the  Stone  Mountain  fault.  The  South  Fork  of 
Powell  river  rises  at  the  foot  of  Powell  mountain  near  Little  Stone  gap  ;  re- 
ceives tributaries  fVom  the  north  aide  of  that  mountain  as  >vell  as  fmm  the 
valley  between  it  and  Wallen's  ridge ;  and,  aflor  crossing  the  fault 
of  Poor  valley  ridge,  by  a  shallow  gjip,  joins  the  river  at  about  a 
mile  below  Big  Stone  gap.  Powell  Mountain  river  flows  between 
Stone  mountain  and  Poor  Valley  ridge,  for  say  fifteen  miles,  to  opposite 
Pennington's  gap,  where  it  receives  the  North  Fork.  That  stream  rises  on 
the  slo|ie  of  Black  mountain  and  flows  acnx<^  the  Stone  Mountain  fault  by 
way  of  Pennington's  gap.  The  main  river,  thus  increased,  flows  south- 
wardly for  a  little  distance,  and  then  crosses  the  fiiult  of  Ptx)r  Valley  ridge. 

The  North  Fork  of  Clinch  river  rises  In  the  valley  between  \Vallen*s 
ridge  and  Powell  mountain,  and  Is  separated  by  a  low  divide  at  Its  head 
ft>om  Wildcat  creek,  a  tributary  to  the  South  Fork  of  Powell  river.  It 
flows  along  a  monoclinal  valley  to  the  North  Fork  g^ip,  which  is  sometimes 
known  as  Slemp's  gap,  where  it  turns  toward  the  south-east.  Within  three 
or  four  miles,  Its  course  Is  again  changed  and  the  stream  once  more  flows 
south-west  ward  ly,  following  the  foot  of  Powell  mountain  in  a  monoclinal 
valley. 

Stock  creek,  another  tributary  to  Clinch  river,  rises  In  Hunter  valley, 
flows  along  the  synclinal  for  several  miles,  then  turns  and  flows  up 
the  dip  to  Clinch  river.  Clinch  river  itself  rises  far  to  the  east  of  the 
region  examineil  by  me,  and  flows  for  a  long  disuvnce  near  the  line  of  the 
Stone  MonntJiln  fault,  which  It  crosses  and  recrosses  ;  but,  at  seveml  miles 
east  fh>m  the  Little  Stone  gap,  its  course  is  changed,  and  the  river  for  a 
while  flows  with  the  dip  ;  but  the  course  is  again  changed,  and  the  diix;c- 
tion  bea)me8  very  nearly  that  of  the  strike. 

It  is  sufllclently  clear  that  the  gtiivs  thnnigh  Stone  mountain  and  Poor 
Valley  ridge  do  not  owe  their  origin  to  any  convulsion  of  nature.  The 
strike  of  the  limestone  and  the  conglomemte  across  Big  Stone  gap  is  (Per- 
fectly true,  and  no  evidence  of  a  cross-fault  or  flTicture  Is  ap|>arent  there  or 
in  the  cxml-fleld  behind  the  mountain.  The  absence  of  fn\cture  Is  even 
more  ap{)arent  In  Pennlngton^s  giip  through  Stone  mountiiln  ;  for  this  gi\p 
is  a  tortuous  i>as8age>way  with  l>old  clifls  of  the  vertical  conglomen\te  l>eds 
projecting  fVom  l)oth  sides.  Those  cliflfs  aftbrd  ample  evidence  that  erosion, 
not  convulsion,  pnxiuced  the  gap.  The  same  ct>ndltion  Is  seen  In  the  gap 
by  which  the  South  Fork  of  Powell  crosses  Wallen's  ridge  or  the  P(X)r 
Valley  ridge  fault.  The  North  Fork  gap  in  Powell  mountain  Is  as  dis- 
tinctly due  to  eix>sion  lis  is  the  monoclinal  valley  along  which  the  stream 
flows  above  the  gap,  or  the  tunnel  by  which  Stock  creek  flows  thi\)ugh  a 
hill  near  Clinch  river. 

It  may  be  stated  )X)sitively  that  not  one  of  the  numerous  gaps  by  which 
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Ktiviuim  rnm(4  i\w  Novornl  taultN  nnd  mountain  mnj^oii  rxhibltN  tht*  fid nU*(it 
\n\vv  <»!  M\y  rrosH-lViuMuro  hi  tho  rorkH. 

At  (h'Mt  ^lann\  owv  tul^:ht  ))r  inrliiUHl  to  HUppoKc  timt  the  faultH  Imvn  !n* 
tlurnrod  tlu'  diivrtinn  of  dmlnnjto.  A  drrp  viillry  )mi«  boon  rxniviUod 
nionp;  tlio  IVoiit  or  Hunw  mountain  :  anothrr,  <li^:god  out  of  tlu«  rontortod 
llnH'Hionc  and  Mlialoof  tlio  Lower  Silurian,  followH  the  fault  of  Poor  Valloy 
rld^c  :  tlit»  Wc'Ht  Ft)rl<  of  Stonr  cnH'k,  a  branrh  of  (Mlnoli  rivor,  hast  mado 
for  ilHclf  a  bnmd  valley  near  tlie  Stone  Mountain  fault  eaHt  froni  that  of  the 
S<»uth  Fork  of  I'owell  rivt»r.     The»e  valleyH  arrent  one's  attention  at  onee 

and  tbev  He  very  near  the  UneH  of  fault. 

»  « 

Hut  valleyn  of  eipial  Imt^ortanee  are  found  wliere  no  fault  exUtR  todlreet 
their  <niur!<e  or  (»xlent.  The  ntonoellinil  valley  between  Wallen*R  rldjje  and 
Powell  mountain  alxive  the  North  Fork  ^ap  Ih  an  broad  aH  the  Turkey 
eove  l»otwein  Wallen'n  rldjie  and  Poor  Valley  rlduie  ;  Wallen's  valley,  be- 
tween Wallrn'M  rid. ire  and  Powell  mountain  beyond  the  North  Fork  gain 
Ih  a  monortlnal,  and  Ih  one  of  the  flneM  valleyH  in  SouthweM  Virginia:  the 
broad  valh\v,  fnllnwed  by  the  North  Fork  of  ('llneh  after  It  leavoH  the 
NortI)  Fork  pip.  Ih  far  rtMUovtul  tVom  any  line  of  taulttnp;,  and  lien  not  tUr 
frtuu  the  axin  of  the  Hynelhial. 

Krohlon  i\\u\\\i  the  line  of  the  Stone  Mountain  fault  Ih  interrupted,  and 
th(*  valley  Ih  far  l^om  beln^  eontlnuouH ;  a  well  marked  divide  He)mrate!i 
the  South  Folk  from  Pi»well  river  and  a  bold  divide  neparates  the  S<»ulh 
Fork  of  Powell  from  the  Went  Fork  of  Stone  creek.  TIm»  eontlltlon  in  nlnd- 
lar  to  that  in  the  valley  between  Wallen'H  rid^e  and  P(>well  mountain  :  for 
a  h)w  1. 1  vide  Intervenen  between  Wlldeat  ereek  and  the  North  FfU*k  of 
(Mineli,  while  a  hi^h  divide  He|mrateH  the  latter  Htream  tVom  Wallon's 
ereek,  whleh  IIowh  aloni?  Wallen'n  valley. 

Tho  eondltlouH  in  the  ImnuHllate  vlelnity  of  the  faulted  linen  api>ear  to 
dltViM*  In  )\M  eHwential  feature  tVom  tluwe  olmerved  In  lesH  dinttirbed  U)eaU- 
tleN.     It  In  evident: 

Firnts  That  the  eourno  of  the  Htreamn  has  m»t  been  tlelerndned  by  th« 
linen  of  tUult. 

Srtondljf,  That  eroHlon  along  the  fatdted  linea  \h  ensentlally  the  HHnu\  In 
rhanieter  and  extent  with  that  In  localitleH  n*here  no  tUultn  exUt. 

At  th(*  name  time  one  may  not  Ignore  the  faet  that  the  tHultH  have  dono 
much  to  hanten  eit>Hion  along  their  linen  an  W(dl  an  along  the  linen  of 
HtreatUH  belonging  to  the  drainage  nyntem  of  Powell  rtv(M\  although  one 
may  be  inclined  to  exaggerate  the  extent  t»f  thin  inthienee  by  Ibrgettlng 
that  that  dniinHgi*  Hystem  Ih  the  important  one  in  the  region  examined^ 
while  only  a  fragment  of  the  (^bneh  river  system  falls  within  the  area. 

There  must  have  been  dmlnage  before  the  tUults  existed.  ICvldently  the 
rtH'ks  were  morn  or  less  tb'xed  prevh^usly  ;  t\)r  the  dips  In  Wallen's  riiigt* 
and  Powell  mountain  an*  almost  due  east,  whereas  those  on  the  northerly 
Mv  of  the  faults  are  north-west  to  northnorth-west.  It  seems  not  wholly 
iu^uxdiable  that  the  faults  aiHMtf  later  date  than  the  disturbance  which  piH)> 
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duced  the  comparati^'uly  fc^^ntle  synclinal  between  WaUen^s  ridge  and  the 
Clinch  river. 

The  faulting  process  was  not  abruv)t ;  though  a  geologist  might  think  it 
so,  tor  to  him  a  thousand  years  is  UteniUy  as  one  day,  and  the  wliole  of  the 
historical  period  is  insignificant.  But  this  prt>coss  of  elovuion»  fmcture 
and  lateral  displacement,  required  a  vast  length  of  time»  The  corraslve 
force  of  the  streams  must  have  deepened  the  channel-ways  as  mpidly  as 
the  rocks  wei^e  raised.  It  is  quite  iKissible  that  the  present  system  of  dmin- 
age  is  as  old  as  Carboniferous  times,  and  that  the  disturlmnce  producing 
the  faults  led  to  comi>aratlvely  little  change  in  its  direction. 


Stated  Meeting,  September  17, 1880. 

Presont,  4  niembors. 

President,  Mr.  Fraley,  in  the  Chair. 

Letters  of  acknowledgment  were  received  from  the  Physi- 
cal Society  in  Berlin,' Jan.  2,  1880  (102,  103,  XV,  ii); 
Astronomic^vl  Society  at  Leijx^^ig,  Aug.  20  (104,  105);  Asso- 
ciation for  National  Science  in  Wiirtemburg,  April  30  (102, 
103,  XV,  i,  ii) ;  Agricultuml  and  IlivStorical  Society  at  Ly- 
ons, Maixjh  10  (1  to  16,  18  to  20,  22,  24,  25,  27,  28,  32,  83, 
85  to  62,  65  to  06,  98) ;  Royal  Academy,  Amsterdam,  CX^. 
24,  1879  (102,  103) ;  Massachusetts  Historical  Society,  30 
Tremont  Street,  Boston,  Ang,  12,  1880(106,  List);  Public 
Library,  New  Bedford,  Sep.  1  (106,  List) ;  Yale  College, 
Aug,  26  (106,  List) ;  Univei^sity  of  the  City  of  New  York, 
Sep^l  (106,  List);  Astor  Library,  Sep.  13  (106,  List);  Re- 
gents of  N.  Y.  University,  Albany,  Sep.  3  (106,  List);  N. 
Y.  Historical  Society,  Aug.  23  (106,  List);  Penn.  Histori- 
cal Society,  Sep.  7  (106,  List);  Maryland  Historical  Society, 
Sep.  6  (10(5,  List) ;  U.  S,  Coast  Survey,  Washington,  D.  C, 
Aug.  21  (106,  List) ;  Chicago  Historical  Society,  Aug.  23 
(106,  List). 

Lettei*s  of  envoy  wei*e  received  fi*om  the  Geolojyical  Sui*- 
vey  of  India  dated  Geological  Survey  OfHce,  Calcutta,  NTarch 
18, 1880,  signed  IL  B.  Medlicott,  Supt. ;  L'Academie  Uoy- 
ale  des  sciences,  lettres  et  art^  de  Modene,  dated  July  31, 
1880;  Geologisch-botanische  gesellschaft,  Wien,  L  llerren- 


Htrt*!un$i  cnvs8  the  sovoral  tAulta  mu)  mountain  nii\irt'A  oxhlblta  tho  l^iinti*di 
tniw  ol  any  cnKslhuMuiv  in  tho  nn^ks. 

At  th'si  >iliuu*t\  oni»  nUjirhl  bv  Inclintn)  to  smpiHv«o  that  the  faults  havo  in- 
tUuMUHHl  tho  iHivi'iion  of  dmlnairi\  A  tJoop  va!U\v  lias  boen  oxo«>n\l*H! 
aUuti;  tho  f^x^nt  of  Stone  nunintain  ;  anotlivr,  di.^^stMl  out  of  the  txnUorttnl 
liau'stono  and  shaloof  tho  Lower  Silurian*  follows  tho  fault  of  l\K>r  Valley 
ridtfe  ;  the  West  Fork  t>f  Stone  ert»ek»  a  hraueh  of  Clinch  river,  ha*  tnatle 
for  itself  a  Immil  valley  near  the  Stone  Mountain  fault  east  fixmt  that  of  the 
S<uith  Fork  of  l^>\^eU  river     These  valleys  arrt>st  one'a  attention  at  ouee 

anil  thev  lie  verv  near  the  lines  of  fault. 

•  « 

Hut  valleys  of  equal  inuH^rtanw  art*  found  where  no  fault  exists  t(»dirtH*l 
their  iNUirse  or  extent*  The  monoelinal  valley  between  Wallen's  ridjsi^  ftiul 
Powell  mountain  alH»ve  the  North  Fork  jnip  is  as  hinuul  as  the  Tttt*key 
line  lH*lwe«n  WuUen's  ridue  and  l\H>r  Vnlley  ridjiv  ;  Wallen's  vwlU\v,  Iw 
tween  Wallen's  riil^' antl  Powell  mountain  beyond  the  North  Fork  gH|\ 
is  a  montH^linaU  and  is  one  of  the  tlnf»st  \*aHeys  in  S^mthwesl  Vlrjrinia;  the 
bixMul  vallfv.  followetl  bv  the  North  Fork  of  (Mineh  after  It  leaves  the 
North  Fi»rk  jrap.  is  far  ivmoved  t'ixuu  any  Hue  of  faultin,)(.  and  lies  not  tUr 

fh>m  the  axis  t>f  the  svnolinal. 

« 

Krt>sion  alon^c  the  line  of  the  Stone  Mountain  tault  is  interrupttnU  ?iiul 
the  valley  is  far  tViuu  In^inj;  continuous ;  a  well  tuarktnl  divide  se)mralea 
the  South  Folk  ftxuu  Powell  river  aiul  a  Ih>UI  divide  sejkmite^  the  SiUUh 
Fork  t>f  Powell  frtuu  the  West  Fork  of  Stone  crtn^k.  The  ouulition  Is  simi- 
lar to  that  in  the  vallev  InHween  Wallen*s  ritlirt>  and  Powell  mountain  ;  for 
a  low  i,ivide  intervenes  lH>t\>een  Wildcat  ctx»ek  and  the  North  P«^rk  of 
Clinch,  while  a  hiv:h  divide  8e|>amtes  the  buter  stream  fh>m  WalWn*s 
ctrek»  which  tlows  ah>n\r  Wallen's  valley. 

The  n>nditions  In  the  immediate  vicinity  ol  the  faulted  lines  ap)H>Hr  to 
ditfer  In  no  essential  featuix*  tViuu  tluv^e  observed  In  less  disturbed  bn^alU 
ties.     It  Is  eviilent : 

F*is$^  That  the  tH»urs©  of  the  stivams  lu\s  not  lH»en  determininl  by  tb« 
lines  of  IHult, 

«Sr^(N>»«t%.  Tlmt  ertvsitm  alouj;  the  faulted  lines  is  essentially  the  a^mt^  In 
cbarocter  and  extent  with  that  in  Un^alilies  vhert*  no  faults  exi?»t. 

At  the  saute  time  one  may  not  iirnort*  the  fact  that  the  faults  have  ibmv 
much  to  hasten  erosion  alonv:  their  lines  as  well  as  aloni;  the  Unt>a  oi 
sttvams  iHOon.tfin);  to  the  dmina.^*  sx-stem  of  Powell  river»  althous^h  aw< 
may  Ih»  inclined  to  exajrjrerate  the  extent  of  this  tnMuenet*  by  for|tt>tllt\' 
that  that  dn^ina.^re  system  is  the  im)M>rtant  one  In  the  rtv^ion  exainlnetl 
while  only  a  tVa^rnu'nt  of  the  (^hnch  river  system  falls  within  the  atHia. 

There  must  have  Invn  dminajre  Ix'fort*  the  faults  existint    KviOently  ili 
nn^ks  wert»  mt>rt»  or  h\ss  flexed  previously  ;  tor  the  di|vs  In  Wallen*s  rUit 
and  Powell  tuountain  art*  abmvst  due  east,  w»here»is  tbt>se  on  the  norther 
sidt»  of  the  l>u»lls  art*  north-wt»st  to  northnort lowest.    It  stnnus  mn  vvlu»l 
improUitde  that  the  faults  artMtf  later  date  than  the  dislurlKUux*  whicti  \\t 
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gasse,  Laiilihaus ;  Konigliche  Sachsiche  gesellschaft  d.  W. 
Leipsig,  March  1,  and  April  27, 1880 ;  Physicalische  gesell- 
schaft zu  Berlin,  Jan.  1,  1880 ;  L'Academie  royale  des 
sciences  k  Amsterdam,  Jan.  31,  1880  ;  and  Verein  fiir  Natur- 
wissenschaft  zu  Braunschweig,  Aug.  23,  1880.  (All  through 
the  Smithsonian  Institution.) 

Donations  for  the  Library  were  received  from  the  Geologi- 
cal Survey  of  India  [Vols.  I  to  XVII  of  Memoirs  (except  I, 
i,  II,  ii,  out  of  print) ;  Series  II  to  XIII  of  Paloeontologica  In- 
dica  (Ser.  I  and  II,  v,  out  of  print) ;  and  Vols.  I  to  XIII,  i, 
of  Hecords] ;  Geological  Survey  of  Victoria ;  R.  Society  of 
Tasmania ;  Imperial  Academy  at  St.  Petersburg ;  Imperial 
Academy,  Anthropological  Society,  and  Geological  Institute 
at  Vienna ;  Imperial  Academy,  German  Geological  Society, 
Physical  Society,  and  Zeitschrift  f.  d.  ges.  Nat.  at  Berlin ; 
Royal  Saxon  Society,  Observatory,  and  Zool.  Anzeiger  at 
Leipsig  ;  Verein  f.  Kat.  at  Braunschweig;  Verein  f.  V.  l^at. 
at  Stuttgart;  Xeues  Lau.  Mag.  at  Gorlitz;  M.  Prof.  Rene- 
viers  at  Lausanne ;  Royal  Academy  of  Lj'^nxes  at  Rome  ; 
Societe  d'Agriculture,  &c.,  and  MM.  A.  Falsan  and  E.  Chan- 
trc  at  Lyons;  Anthropological  Society,  Museum  of  Xatural 
History,  Annales  des  Mines,  and  Revue  Politique,  at  Paris  ; 
Linnean  Society,  and  Cora.-G^ological  Society,  at  Bordeaux  ; 
Royal  Belgian  Academy  ;  Royal  Academy  at  Amsterdam ; 
Victoria  Institute,  R.  Astronomical,  Meteorological,  R. 
Geographical,  Geological,  Zoological,  R.  Asiatic,  and  Society 
of  Antiquaries,  and  London  Nature;  Geological  Survey  of 
Canada ;  Museum  of  Comparative  Zoology,  at  Cambridge, 
Mass. ;  Professor  Ed.  Pickering ;  Prof.  Asaph  Hall ;  Amer- 
icj^n  Journal  of  Science,  Prof.  Jonathan  Edwards,  Xew 
Haven :  ^lercantile  Librarv  Ass.  N.  York  ;  Franklin  Insti- 
tutt\  Journ.  Pharmacy,  Mtni.  News,  Dr.  B.  H.  Rand, 
Philadelphia :  Journal  of  Mathematics,  Baltimore ;  Smith- 
sonian Institution,  Gei>graphioal  Survey  of  the  Territories, 
Chief  of  EngiiKvrs,  SurgtHMi  General's  Office,  and  National 
Musouni,  at  Washington;  S.  W.  Burnham  of  Chicago; 
Missouri  Historical  Society :  Geographical  and  Statistical 


Sixiiety;  Revista  Sciontificft;  Munstorio  dc  Fomonto,  and 
Moteoroloijical  Obsorvatorv  of  Moxioo. 

The  followinjir  rocoixi  wa.-^  rejul  (rom  a  lettor  from  Nfr, 
John  Buiaio,  datoii  1344  Pino  Stiwt,  iSopt  8,  1880,  for  <x>r- 
i^ecting  the  Society's  Li^t  of  Membersu 

Jamos  Biddio,  eldest  child  of  Wni.  Biddio  and  Mary 
SculK  and  bn>thor  of  Kdwaixl  Biddle  (nuMnhor  of  the  first 
Colonial  Congress);  also  of  Nicholas  Biddle  (conunander  ot 
the  Colonial  frigate  *'The  R*uidolph");  also  of  Charles  Bid- 
dle (member of  the  Supreme  Court);  was  born  Feb.  18, 1731 ; 
married  Miss  Fnuices  Marks,  June  30, 1758 ;  died  June  14, 
1797.  lie  was  elected  Bmthonotary  of  the  County  of  Phila- 
delphia, Nov.  18,  1788,  and  appointed  Judge  C.  1\  for  the 
County,  Nov.  25,  1788. 

The  death  of  the  Rev.  Professor  E.  B.  Andi*ews  at  Lan- 
caster, Ohio,  Aug.  21,  1880,  in  the  GOth  ycjir  of  his  age,  was 
announcHKl  by  the  Secivtary. 

The  death  of  Professor  Samuel  S.  Ilaldoman,  at  Chieques, 
Lancaster  county,  Sep.  10, 1880,  aged  68,  wjus  announced  by 
the  Pi^esideut,  and  on  motion  of  Dr.  LeC»>nte,  Dr.  D.  G. 
Brinton  was  appointed  to  pix^jmi^e  an  obituary  notice  of  the 
deceased.     Dr.  LeConte  in  nuiking  this  motion  stiid : 

He  was  an  accumto  observer  and  a  close  student  of  nature  during  the 
earlier  jmrt  of  his  life,  which  he  gave  to  Ztmlogy.  Aflerwaixls,  when,  by 
the  failure  of  his  eyesight,  the  minute  Inspection  of  s^K^clmens  necessary  to 
progress  In  any  bninch  of  Biology  beran\e  no  longer  possible,  ho  devoted 
himself  to  Linguistics  and  Aniueology. 

It  may  bo  hero  observed,  that  the  convctness  In  olwervatlon  and  tho 
logical  accuracy  In  reasoning  which  In  these  days  are  the  special  character- 
istics of  biological  and  physical  research,  and  which  he  had  actiulrovl  by 
his  zoological  studies,  were  In  the  change  of  pursuits  of  great  benefit. 

He  carried  Into  his  new  studies  all  tho  mental  advantages  whldi  ho  had 
previously  obtained  ft\>m  his  varied  investlgiitlons  In  NatunU  History. 
Tho  reflations  of  artlculato  sounds,  the  changes  In  sonance  tif  wonls,  their 
growth  and  cmupllcatlon  by  atllxes  and  sutWxes,  were  all  studied  In  refer- 
ence to  the  mechanism  of  the  vocal  organs,  and  tho  results  educed  were 
traced  to  the  combination  of  those  organs  with  the  directing  power  of  the 
brain,  for  the  expression  of  intelligent  language.  Hut  in  regard  to  tho 
mlnuthe  of  his  contributions  to  this  bmnch  of  science,  1  know  but  little, 
and  am  not  qualified  to  speak.  1  know  only  of  his  successes,  with  which 
all  his  friends  sympathised,  and  of  which  tho  nation  has  it^ason  to  be  proud. 
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In  fine,  be  was  an  example  of  those  rare  individuals  who,  inspired  by  a 
true  love  of  knowledge,  pursue  it  according  to  their  ability,  without  think- 
ing of  pecuniary  reward  or  personal  approbation.  Such  are  the  men  who 
furnish  the  germs  for  future  advancement  in  the  realms  of  thought.  Happy 
are  those  who  are  able  to  number  them  among  their  friends. 

A  communication  was  presented,  entitled  "Notes  on  the 
Cumberland  or  Potomac  Coal  Basin,  by  Howard  Grant 
Jones,  M.  S." 

Mr.  Lesley  drew  attention  to  a  remarkable  feature  of  the  section  accom- 
panying this  paper,  according  to  which  both  the  Mountain  limestone  and 
the  Mauch  Chunk  red  shale  formations  are  duplicated,  and  that  upon  a 
grand  scale  ;  the  Upper  red  shale  being  875  feet  thick  ;  the  Upper  limestone 
301'  (followed  by  70'  of  gray  shale);  the  Lower  red  shale  2000';  and  the 
Lower  limestone  475'  (underlaid  by  shale,  flints  and  iron  ore,  30«)');  making 
the  total  apparent  thickness  of  N,  XI  (counting  in  200'  of  green  shales 
over  the  Upper  red  shale)  between  3700'  and  3800',  a  thickness  even 
greater  than  at  Pottsville  in  Schuylkill  county.  Pa.  The  duplication  of  the 
limestone  formation  in  the  column  ought  to  have  an  imi^ortant  bearing 
upon  the  sub  division  of  the  sub-carboniferous  limestone  group  in  the 
Western  States.  It  may  help  to  explain  some  of  the  prevailing  confusion 
respecting  the  limestones  exposed  at  apparently  diflferent  horizons  in 
Northern  Pennsylvania. 

Mr.  Lesley  proposed  another  Greco-Egyptian  etymology, 
viz  :  /ax/«<r  from  [Hor-m-]  a;^ u,  the  Sphinx  name  of  the  Solar 
disc  on  the  horizon. 

He  remarked  that  layr/nq  was  the  well-known  Sun -god  of  the  Eleusinian 
Mysteries,  represented  as  suckled  by  Ceres  ;  as  Horus  is  frequently  repre- 
sented in  the  act  of  sucking  the  breast  of  Isis.  The  torch-flinging  perform- 
ance along  the  road  from  Athens  to  Eleusis  represented  no  doubt  the  west- 
ward progress  of  the  morning  light. 

Ceres  was  the  mother  of  mystery,  the  darkness  out  of  which  the  Sun  is 
born,  and  the  underground  concealment  out  of  which  all  vegetable  life 
springs  forth.  Her  name  must  be  connected  with  the  mystical  Celtic  word 
GoRr,  the  root  of  so  large  a  mythical  nomenclature  ;  the  equivalent  of  the 
full  oriental  form  Cabar  (or  Cabal),  and  the  key  to  the  later  Cabala.  Hun- 
dreds of  geographical  names  like  Corinth,  Carinthia,  &c.,  embody  it  very 
plainly. 

The  destruction  of  lay.yo^  by  the  Titans,  as  well  as  their  destruction  by 
Zeus,  are  myths  explainalile  by  the  obstruction  of  the  Sun's  rays  by  moun- 
tains, and  the  victoiy  of  the  Sun  at  the  zenith.  The  part  played  by  moun- 
tains in  Solar  mythology  is  shown  by  the  ideograph  of  the  name  of  the 
Sphinx,  Hor-m-a^u  ;  and  is  illustrated  by  the  morning  admiration  of  trav- 
elers on  the  Nile.  It  is  much  better  to  seek  for  the  primitive  ideas  among 
the  every-day  phenomena  of  nature,  than  among  the  poetical  and  metaphysi- 
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cal  inventions  of  luter  and  moro  intellectual  ages,  \vl\en  llie  victory  of  truth 
over  ern)r  replaced  that  of  day  over  nljrht  in  the  lanjjuaijt*  of  tlie  initiated. 
We  must  come  down  to  tlie  classic  ajte  of  the  XIX  dynast >  Iwfore  this 
spiritualizing  process  of  the  iK)els  of  tlie  prieslhomi  l)ecomes  well  authenti- 
cated. 

The  connection  of  Orniuxd,  Ilorus  and  the  Shemitic  aur,  light,  is  evi- 
dent ;  hut  the  relationships  of  <i<.r,/(fi.r,  and  oJt  ^oculus,  im^'^i  and  of  lux  with 
/tJ«tw  ruere,  and  otfttx  with  lax/u^  will  also  reiwy  an  effort  at  develop- 
ment. 

The  Pro-^ident  ix^ported  tlmt.  he  had  received  a  letter  fmni 
Drexel,  Haijes  &  Co.,  of  Paris,  advising  that  the  sheet  allowed 
for  the  receipts  of  interest  on  the  3  per  cent.  French  Rentes, 
belonging  to  the  Michaux  TjCgacy  had  been  tilled  np.  The 
rules  of  the  Fi'ench  Treasury  i^equire  that  a  new  sheet  and 
inscription  shall  be  made  in  the  name  of  the  Society.  They 
forwardetl  the  proper  petition  to  the  Minister  of  Finance  for 
that  purjKJse  which  has  been  duly  signed  by  the  Pivsident 
and  Treasurer  in  the  presence  of  the  French  Vice-Oonsul  at 
Philadelphia,  and  the  same  duly  and  officially  certified  by 
him  as  i^equired  by  the  laws  of  Finance,  and  such  petition 
has  been  sent  to  Nfessrs;  Drexel,  Ilarjes  &  Co.,  at  Paris. 

And  the  meeting  was  adjourned. 


Notes  on  the  Cufnberlund  or  Potomac  Coal  Basin,     By  Hofrard  Grant 

Jonea,  M,  S, 

(Read  brfore  the  American  Philosophical  Society^  September  17,  1880.) 

This  field  is  a  long  triangular  territory  of  ahout  sixty  miles  In  length, 
lying  along  the  outside  or  eastern  edge  of  the  great  Alleghany  uplift,  and 
18  situated  in  Somei'set  ci>unly  of  Pennsylvania,  Alleghany  county,  Mary- 
land, and  MinemU  county,  West  Virginia.  Although  considered  a  spur, 
the  l>asln  is  mther  an  overlapping  of  the  Coal  strata  to  the  eastward  ot  the 
Allcghaniau  fold  which  demarcates  the  celebrated  Coal  fields  of  those 
States.  It  is  with  Broad  Top  and  an  unexplored  basin  in  Alleghany  county 
(New  River)  the  only  deposits  l>eyond  this  line.  On  leaving  Pennsyl- 
vania this  persistent  anticlinal  becomes  "Savage  Mountains,"  which  l>end 
south  west  towanis  a  geological  center  at  Union,  in  Maryland,  where  are 
pinned  together  the  southern  extremities  of  the  several  basins  of  Maryland 
and  Pennsylvania  lying  pamlh»l  {o  the  Alleghanies.  The  Coal  stnita  hen» 
flow  over  Savage  mountain  Into  the  Pi)tomac  basin,  virtually  terminating 
this  range  in  the  general  elevation.    The  name  and  bold  characteristics  of 
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the  AUeghanies  are  here,  however,  taken  up  by  a  range  of  mountain  fifteen 
miles  to  the  eastward,  forming  the  border  of  the  field  (Davis  mountain  of 
Maryland,  and  Front  ridge  of  Virginia).  Union  is  a  point  situated  on  the 
great  swell  or  uplift  in  northern  West  Virginia  pointed  out  by  Professor 
Rogers. 

The  rocks  of  Savage  mountain  are  composed  of  the  Mauch  Chunk  Red 
Shales  and  Limestones  (XI)  and  the  overlying  Conglomerate  (XII).  They 
fold  under  the  field  with  a  dip  of  from  10'  to  20',  and  rise  up  again  in 
Davis  mountain,  five  miles  beyond,  with  a  reverse  dip  considerably 
strengthened.  There  is  a  line  of  upthrow  lying  east  of  the  basin,  running 
along  the  outlying  red  shale  valley,  composed  of  the  lower  limestones,  the 
flint  and  the  hard  sandstones  of  X  and  IX  (Pocono  and  Catskill). 

Wells'  Creek  mountain  at  the  northern  end  of  the  basin,  is  flanked  by 
the  uplifted  Pocono  sandstone  and  crowned  by  the  same,  as  it  returns  and 
dips  down  the  east  flank,  on  its  way  under  the  town  of  Cumberland.  It 
carries  here  on  its  back  the  overlying  slates  and  flints,  iron  ore  and  lime 
strata  of  XI.  A  range  of  little  mounds  dotted  along  between  the  basin  and 
this  mountain  range  shows  the  harder  limestones  on  edge.  In  Wells' 
Pass,  under  the  curve  or  anticlinal  of  the  Pocono  sandstone,  is  to  be  seen 
the  red  sandstone  of  IX,  though  quickly  returning. 

Knobby  range,  further  to  the  south,  towards  Piedmont,  probably  carries 
the  Great  White  Sand  (X),  since  at  Keyser  we  find  the  lower  limestones 
of  the  red  shales  and  the  underlying  fiints  upturning  east  of  the  town  and 
the  New  Creek  ridge,  and  just  west  of  the  range.  The  Mauch  Chunk 
shales  (XI)  show  on  the  Potomac,  near  Keyser,  dipping  45°  to  the  north- 
west. 

The  accompanying  section  has  been  made  at  different  points  on  George's 
creek,  from  Barton  to  Piedmont  and  on  Potomac  to  Keyser.  It  includes 
the  Coal  Measures,  from  a  seam  400  feet  below  the  Pittsburg  Coal ;  possibly 
the  Conglomerate  Series ;  the  duplicate  beds  of  red  shale  and  limestones  to 
the  Great  White  or  Pocono  sandstone.  The  intervein  strata  to  the  Great 
Bed  has  already  been  published  in  Tyson  Section,  Plate  VI,  Report  HHH.* 
The  Lower  Barren  group  of  coals  are  here  distinctly  shown  with  their 
fossil  limestones  and  sandstones,  down  to  the  Mahoning  SS.  Founded  on 
the  existence  of  the  underlying  Ferriferous  limestone  at  Stony  river.  Prof. 
J.  P.  Lesley  some  time  ago  identified  the  Upper  Bloomington  or  six  feet 
coal  of  this  basin  as  the  lower  Kittaning  seam.  This  is  now  proved  by  the 
discovery  of  the  fire-clay  and  limestones  on  the  Baltimore  and  Ohio  R.  R., 
and  the  lower  iron  and  clay  deposits  to  the  Piedmont  SS. 

The  unveiling  of  the  Conglomerate  series  of  sandstones  is  important, 
showing  a  total  thickness  of  560  feet,  from  the  Piedmont  sandstone  down 
to  the  lowest  bed  of  coal.  This  series  has  its  coal  deposits  through  its  en- 
tire thickness,  though  not  largely  developed.  But  at  least  one  workable 
large  seam  has  been  noted,  but  has  been  omitted  because  of  the  uncertainty 
of  its  proper  position. 

*  Report  of  Progress  of  Second  Geological  Survey  of  Pennsylvania,  Somerset 
county,  by  F.  &  W.  C.  Piatt. 
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The  existence  of  a  gi*een  shale  and  sandsume  dei>08it  of  dOO  feet,  under- 
lying the  Conglomonue  vscries  and  carrying  an  undeniable  print  of  its  rela- 
tion to  the  Mauch  Chunk  shale  in  tlio  rod-huod  ettrth  topping  It. 

The  most  noticeable  feature  is  the  doubling  of  the  red  shale  and  lime- 
stone deposit  of  XL  There  are  two  distinct  series,  under  no  condition 
liosaibly  to  be  confounded  or  misidcnlifted.  Tlie  upper  of  375  feet,  red 
shale  and  black  (fossil),  red  and  gray  limestone  of  flOO  feet  underlying; 
tlie  lower  of  2000  feet  red  strata  and  4')0  feet  gray  limestone.  Both  series 
being  fossillfemus  in  the  up|)er  \v\vU 

Another  feature  is  the  shale,  tiint  and  inm  on'  de(>osit,  300  feet,  under- 
lying the  tbregoing  gixnips  and  separated  from  the  red  rocks  of  IX  by  the 
only  heavy  sandstone  (Pocono  $8.)  at  this  horizon.  It  is  a  pure,  hard, 
solid  white  ix>ck. 

S^etii>n  of  straUi  from  Loit4r  Barr6ii  Measure  to  Pocofio  S<ind»toMt  a$ 
foumi  on  Qtorgt^'a  Creek  and  th^  Potomac  Hiver,  Western  Maryland  and 
Virginiay  Jum^  1880, 

94'  Sandstone.    See  base  of  Prof.   Tyson's  Section,   Plate  VI,   Report 
11.  H.  H,,  Secf>nd  Geological  Survey,  Penna.    The  strata  (torn  this 
sandstone  to  the  Pittsburg  seam  and  higher  are  there  given. 
89'  Shale.    Lower  three  feet  contains  Neuropteris,  Calamites,  Pecopteris, 
6"  Slate  Bland  tine  gr.,  containing  Neuix>pteris  angusti folia,  Loschii 
and  tenui folia. 
8'    3"  Coal    HampftMre  Seam,^  pn>bably  same  as  Coleman  bed  of  Somer- 
set Co,,  Pa.    It  is  3'  3"  at  Barton,  4'  10"  near  Piedmont,  5'  on  Savage 
river  near  Bloomlnglon,  3'  10"  on  Sharpless  Hill,  ten  miles  to  the 
southward.     It  is  probably  the  "  Rock  Coal  *'  of  Millersburg,  Pa.     It 
is  chanicterixed  by  l)ottom  slate,  shale  roof,  salmon  colored  ash  from 
lower  l>od,  and  ferns.     It  is  the  most  widely  known  bed  in  the  basin  ex- 
cept the  Six  fdKH  ^Kitt.).    It  is  388  feet  below  Pittsburg  seam,  Barton ; 
4'  10"  at  Moore's  run,  347  feet  Hampshire  Co.,  Virginia,  workings  near 
Piedmont.    It  runs  tVom  3,5^   ash  at  bottom  to  15%  ash  at  top  of 
bed;  and  sulphur  in  same  Relations  flxmi  .57%  to  1.75%. 
10'  Fire-clay  containing  more  or  less  balls  of  iron.    Blue  color. 
6'  Limestone. 
15'  Sandstone. 

12'  Shale.  « 

10'  Sandstone. 
3'  2"  Coal    BartUtfs  Rnn  s<t.rm. 
10'  Black  slate. 
6'  Shale. 

4'  9"  Fire-clay.    Impure. 
9'  9"  Sandstone. 
9'  Ori\y  shale, 

0'  2"  Murlus  shale.    One  foot  fossillferous  limestone  at  top. 
4"  Coal 
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5'  5''  Sandstone. 
5'  2"  Shale. 
1'6"  Coal 
1'  4"  Shale. 
5'  Fire-clay. 
5'        **  sandy. 

50'  Sandstone  pebbled.     Mahoning  S.  S.t    Not  identified  north  of  Frost - 
burg.    At  Barton  and  below  it  is  a  hard,  fine-grain  half-bedded 
pebbled  rock  of  40  feet.    At  Crooked  run,  12  miles  south  of  Piedmont, 
it  is  fully  pebbled.     On  Stony  river,  further  south  yet,  it  is  simply  a 
mass  of  agglutinated  pebbles  of  60  feet 
5'  Shale. 
1'  10''  Coal. 
20'  Shale,  with  limestone  at  bottom. 
6'  Shale. 
4'  Sandstone. 
4'  Iron  ore,  clayey. 

5'  Fire-clay.     Free  from  balls  of  iron  and  plastic. 

5'  Coal.     Bear's  Hollow  Coal,  Morrison's  seam.     Near  Barton  it  is  3'  4". 
At  Bloomington  it  is  5',  at  Piedmont  5'  6",  and  at  Sharpless*  Hill 
5'  2",  and  further  south  much  thicker.     It  is  characterized  by  hard 
nature  of  the  coal  and  its  fire-clay  roof  and  floor.     Contains  little 
pyrites  and  yields  5%  of  ash,  gray.    It  runs  about  40'  under  the  Ma- 
honing pebble  rock  above  and  175'  over  the  Upper  Bloomington  seam 
(Kittan.).     It  runs  200'  to  220'  under  the  Hampshire  Coal,  at  the  head 
of  section. 
10'  Fire-clay. 
10'  Sandstone. 
20'  Shales. 
2' 8"  Coal. 
2'  Clay. 

15'  Sandy  shale. 
1'  Coal. 
10'  Fire-clay  and  shale.     Fire-clay  and  shale  containing  iron  ore  in  center 

of  bed. 
10'*  Hard  sandntone.    Reddish  color. 
10'  Black  slate. 
3'  Sandstone. 
30'  Shale.     Containing  marine  shells  and  a  reputed  coal. 
40'  Sandstone. 
10'  Shale  and  black  slate. 

5'  6"  Coal.  Upper  Bloomington  seam.  Kittanning  Lower  Coal.  It  is 
probably  the  **  Savage  "  seam  of  Millersburg.  At  Piedmont  it  is  5'  6"; 
at  Bloomington,  5' ;  McCorbin's  hill,  7'  2"  ;  Rinker's  hill,  8'  3"  ;  at 
Falls  Stony  river,  9'.  Characterized  north  of  Piedmont  by  middle 
slate,  calaniite  tufts  in  roof  overlying  sandstone  and  fire-clay  flow.    In 
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lower  imrt  of  basin  by  hcftvy  top  slate  and  tbe  unusual  siie  of  seam,  as 

alK>ve»    It  18^  a  bright,  soft  coal,  yioKling  7;f  gnvy  a«iU  and  somewhat 

8\ilphury,    It  runs  fh>iu  70  to  90  feet  over  the  Piedmont  sandstone,  and 

750  to  800  feet  under  the  Pittsburg  seam. 
10'  Clay  and  ore. 

a^  StuKlstone.  » 

8'  Limestofte. 

12'  Siuidstone.  » 

V  10"  Cml 
5'  Clay. 

4'  Shale,  • 

1'  Iron  ore. 

7'  Shale»  clay  and  sandstone. 
5'  Clay,  pure.    Fine  clay  bed.    It  is  probtibly  much  Uiicker  than  this 

within  the  mountains,  and  resembles  in  apiKuirance  and  quality  the 

Mt.  Siivage  clay  IkhI.    (^See  below.) 
d:d'  Sandstone.    Sometimes  found  |K'bbled,  as  if  indicating  the  approacli 

to  the  conglomerates. 
1'8"  Coal 
10'  Fire  clay. 
80'  Sandstone*    Piedmont  SandstoM. 

4"  Coal 

Sandstone  and  shale. 

Siuulstone  pebbled. 

6"  Coal 

Slmlo. 

Sandstone. 

6"  Coal 

Unknown,  slialy. 

Sandstone. 

Shale. 

10"  Coal 

Shale. 

Quarts  sandstone. 

to  4'  Coal 

Clay.    Mt.  Savage.    It  is  a  pun^  shale  clay  of  great  sUiudlng  i>ower. 

It  thickens  to  16  feet  at  places,  and  lies  in  rolls  or  vwckcts  in  a  sotter 

and  semi-plastic  clay  lying  under  it.    It  contains  but  little  litni  or 

potash.    It  has  boen  opened  at  Williams  station,  Somerset  Co.,  Pji., 

and  at  Ellerslie.  Pa.,  also  near  3lt.  Savage,  and  is  found  ci*opplug 

along  the  crest  of  the  nmunlaln  on  each  rim  of  basin. 

4"  Slate. 

6"  Coal 
60**  Sandstone  conglomerate,  with  vortical  split. 
15'  Shale. 
55'  Sandstone. 

6"  Coal 
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12 
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1 
5 

48 
1 
8 


.IdllftN  ] 


IIU 


[Ho\n,  w. 


a*^'  H\\ti\v  Interval. 

»5'  SiuuImIoiu*. 

*M>'  Thin  Hluvly  hiuuIhIoiu*. 

!'♦  Coal, 

y  }\\nvk  HliUt\ 
20'  SiiimIMoiu*. 

10'  H(hI  bhiUh  nIuiIo. 
W  Shulr. 

40'  8tin(lKtoiu\  hanl. 
:>0'  (irtH'ii  hUhU'. 
10'  SrtmiHt(»iu». 
a7ft'  Uoil  »hnU\ 
40'  KdhmII  limfi9tot^, 
!dH'  OrtHM)  hUhIo  to  roiUUsh. 
«i'  Urd  Um^ntot^, 


VpfK^r  UfM»(onf  of  tho 
Mnuol)  ( -hunk  ^luvlo.  tMiino 
iu«  ttnuid  in  Yonuchio^hany 
valU\v,  rallod  *'Stn¥ff  Kit^ 
llnu'Hlonc.** 


4'  U(h)  muulHtono. 
SUU  \\vi\  Um«>9tonti.     Not  fossil  I  ron>vi«, 
1(U>'  tnip\UH>  and  Inioi^stmlttUH)  Umt»»foM»  and 

iMUuUton<'!«. 

UO'  t)my.  wavy  tim(»»foM,  Hbowlnp;  wanhlnjjs  or  wavrs  of  a>U>r  in  Hlrnotmv. 
^0'  UniirtormiiUMl. 
MV  S*uul8li>no, 
IJIHH)'  UfU  Hhalon.  . 
440'  Iiinu»!»iimo  utmlu.  tiKwililorouH  at  top ;  40  lVH»t  |nm>  nMuont  lime^toued 

at  lH)itom. 
UOO'  litx)\vn  Mltalo  and  tlintd,  contavinin^t  *'ron  or^  heth  at  haM* 
HO'  to  100'  l*<HH>no  ftandstono. 

Lt>\vor  Hanvn  and  Sut»  Lowor  Cmvl  Moasurtvs ftoa  t>, 

(\>n.u:lonu«rato  Mtnu»urt»»  XI I MIO  *• 

(}n*on  Slnilo  ami  Stinds)tono,« 

Hod  Shalo  (l^n^^r) 

Mnioslono  [ Vm>oiM 


XI 
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Stated  Meeting,  October  1,  1880. 

Present,  6  niembera. 

President,  Mr.  Fralby,  in  the  Chain 

A  letter  acceptinjgf  membership  waa  received  from  Prof. 
Im  Remsen,  dated  Baltimore,  September,  24. 

Letters  of  acknowledgment  were  received  from  the 
Philosophical  Society,  Glasgow,  Sept.  11  (105) ;  Museum  of 
Comparative  Zoology,  Cambridge  (106);  and  Mr.  J.  H. 
Crane  Coffin,  Sept.  18, 1880,  Washington,  D.  C.  (106) 

A  letter  of  envoy  was  received  fix>m  the  Royal  Observa- 
tory, Greenwich,  dated  Sept.  1, 1880. 

Donations  for  the  Library  were  received  from  the  Royal 
Academies  at  Berlin  and  Brussels;  the  Zoologischer 
Anzeiger;  Royal  Venetian  Institute;  Revue  Politique; 
London  Kature ;  Prof.  Richard  Owen  ;  Free  Public  Library, 
New  Bedford;  American  Chemical  Society;  Prof.  E.  D. 
Cope;  U.  S.  Bureau  of  Education,  and  the  Kansas  Histori- 
cal Society. 

The  Secretary  reported  that  Dr.  Brinton  accepted  the 
appointment  to  prepare  an  obituary  notice  of  Prof  S.  S. 
llaldeman. 

Mr.  Fraley  reported  that  the  address  in  memory  of  the 
late  President,  George  B.  Wood,  M.D.,  LL.D.,  prepared  at 
the  request  of  the  Society,  by  Dr.  Henry  Hart^horne,  would 
be  delivered  in  the  Hall  of  the  College  of  Physicians,  on 
Monday  evening,  Oct.  11,  at  8  o'clock. 

Pending  nominations,  Nos.  904, 009  to  919,  and  new  nomi- 
nation. No.  920  were  read,  and  the  meeting  was  adjourned. 


Special  Meeting,  Octol)er  11,  1880. 

(In  the  Hall  of  the  College  of  Physicians.) 

President,  Mr.  Fralky,  in  the  Chair. 

After  an  introduction  by  the  President,  Dr.  Ilartshorne 
addressed  the  members  and  invited  guests  of  the  College  of 
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Physicians,  the  Trustees  and  Faculties  of  the  University  of 
Pennsylvania,  Jefferson  Medical  College,  and  Woman's 
Medical  College  of  Philadelphia,  and  the  Managers  of  the 
Pennsylvania  Hospital,  and  Philadelphia  Dispensary,  as 
follows : 

Memoir  of  George  B.  Wood,  M.D.,  LL.D., 

By  HtofRY  Habtshorne,  A.M.,  M.D. 

{Bead  before  the  American  Philosophical  Society ,  October  11,  1880.) 

With  a  long  life,  not  much  varied  in  events,  nor 
brilliant  in  deeds  that  meet  the  public  eye,  Dr.  George 
B.  Wood  may  be  named  as  one  who,  in  the  main  fea- 
tures, and,  indeed,  in  almost  every  particular  of  his 
career,  has  left  an  example  worthy  of  admiration  and 
emulation.  It  will  be  acknowledged  by  the  least  en- 
thusiastic of  his  friends  and  associates,  that  he  was 
one  of  the  most  useful  men  of  his  generation. 

He  was  born  at  Greenwich,  in  New  Jersey,  in  the  year 
1797.  His  own  memoranda  of  his  ancestry  are  not  de- 
void of  historical  interest  in  connection  with  the  early 
setdement  of  this  city,  as  well  as  that  of  our  neighbor- 
ing State.  It  appears  that  Richard  Wood,  a  member  of 
the  Society  of  Friends,  came  to  this  country  with 
William  Penn  in  1682,  bringing  with  him  his  son 
James,  and  settled  in  the  northern  part  of  the  then 
new  city  of  Philadelphia;  where  Wood  street  proba- 
bly received  its  name  from  him.  There  is  reason  to 
believe  that  while  James  Wood  remained  in  the  city, 
another  younger  son  or  sons  of  Richard  Wood  went 
to   New   Jersey,  locating   themselves   in    Salem   and 
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Gloucester  counties ;  Woodstown  and  Woodbury  being, 
in  all  probability,  named  after  them. 

Farther  back,  in  Gloucester,  England,  traces  have 
been  found  of  the  family  annals,  through  the  Woods 
of  Brockrup  in  the  i6th,  and  of  Gobril  in  the  15th 
century,  to  a  still  earlier  period,  when  their  predeces- 
sors  inhabited  for  many  successive  years  the  ancient 
Court-House   of  Gloucester;    now,   long   since,  con- 
verted into  a  farm.     Late  in  Dr.  Wood's  life,  he  was 
Informed   of  the  decease  of  a  very  wealthy  banker, 
named  James  Wood,  in  Gloucester,  England,  without 
direct  heirs.     Legal  gentlemen  called  upon  Dr.  Wood, 
proposing  to  dispute  this  banker's  will,  in  his  favor,  as 
a  collateral  heir;  the  property  having  been  left  to  an 
alderman  named  Wood,  in  London.     While  declining 
this   proposition.    Dr.   Wood    remarked    upon   it   as 
follows  :     "  Had  the  existence  of  such  relations  been 
known   to    Mr.  Wood,   and   especially   had   accident 

brought  us  into  close  intimacy  or  association,  it  is  not 

• 

improbable  that  he  might  have  preferred  persons  of 
his  own  blood  as  the  heirs  of  his  fortune,  to  one  whose 
only  claim  upon  him  was  the  name  of  Wood,  and  a 
few  flattering  attentions.'* 

Two  sons  of  James  Wood  of  Philadelphia,  above 
Mentioned,  early  in  the  i8th  century  left  this  city  to 
^^ttle  in  Southern  New  Jersey;  probably  under  the 
auspices  of  Thomas  Chalkley,  a  prominent  member 
and  preacher  of  the  Society  of  Friends ;  who  contem- 
plated lounding,  upon  the  banks  of  the  Cohansey  river. 


a  great  city  which  mijjht  rival  Philadelphia.  Hefore 
that  timc»  as  early  as  1683,  the  same  desijjn  had  been 
formed  by  John  Fenwick,  who  became  Pro|)rietor  of 
West  New  Jersey  by  conveyance  from  Lord  Berkeley, 
successor  to  the  Duke  of  York,  afterwards  James  II., 
who  was  grantee  of  the  Crown,  Fen  wick  left  a  will, 
directing  a  city  to  be  erected  near  the  Cohansey,  which 
he  willed  thereafter  to  be  called  C;esarian  river.  All 
that  followed  this  large  project,  however,  has  been  the 
growth  of  the  small  town  or  agricultural  village  of 
Greenwich. 

Dr.  Wood  kept  in  his  possession  a  deed,  signed  by 
the  agent  of  William  Penn,  who  acted  as  executor  of 
John  Fen  wick,  conveying  a  lot  of  ground  forming  a 
part  of  his  Greenwich  farm. 

In  each  generation,  the  heads  of  this  family  in  New 
Jersey  have  been  men  of  consideration  and  local  divS- 
tinction.  Richard  Wood,  the  father  of  the  subject  of 
this  memoir,  was  a  man  of  superior  mind  and  strong 
character,  much  respected  by  all  who  knew  him.  He 
was  described  by  an  acquaintance,  speaking  of  him  to 
Dr.  Wood,  as  **a  prince  of  a  man.**  He  married  twice. 
His  second  wife,  mother  of  George  Racon  Wood,  was 
Elizabeth  Bacon,  of  Bacon*s  Neck,  New  Jersey.  Of  the 
early  settlement  of  her  family  in  that  part  of  the  coun- 
try, evidence  is  preserved.  One  or  two  memoranda 
may  be  here  interesting:  "  i6vS3,  June  25th.  Shank-a- 
num  and  Et-hoe,  Indians,  convey  to  John  Nichols,  of 
Nichols*  Hartford,  near  Cohansey,  100  acres  of  land, 


18H0.)  1^1  [Hartshome. 

part  of  the  tract  known  to  the  Indians  as  Cat-a-nun- 
gut,  adjoining  lands  of  Samuel  Bacon  and  others.'* 

"  1685,  August  1 2th,  John  Nichols  and  wife  convey 
100  acres  of  land  to  John  Bacon  of  Cohansey.** 

George  B.  Wood  was  the  eldest  son  of  Richard  and 
Elizabeth  Bacon  Wood.  At  twelve  years  of  age,  his 
earnest  desire  for  a  liberal  education  was  gratified  by 
his  father  sending  him  to  school  in  New  York.  When 
sufficiently  prepared,  he  was  transferred  to  the  Univer- 
sity of  Pennsylvania,  where  he  was  graduated,  with 
honors,  in  181 5. 

Of  his  early  life  I  have  obtained  but  little  particular 
account,  beyond  what  is  preserved  in  his  own  manu- 
scripts. These  show  a  very  active  mind,  more  alive 
with  imagination  and  sentiment  than  would  have  been 
supposed  by  those  acquainted  only  with  his  later 
labors.  He  wrote,  between  181 3  and  1825,  many 
verses,  mostly  in  English,  some  in  Latin;  amongst 
the  former,  several  translations  from  the  German  of 
Schiller.  With  the  German  language,  as  well  as  the 
French  and  Italian,  he  acquired  considerable  familiarity ; 
which  was  of  use  not  only  in  his  later  arduous  profes- 
sional studies,  but  also  in  his  very  diversified  general 
reading,  and  European  travel.  His  library  contained 
many  books  in  foreign  languages.  It  may  surprise  some 
who  have  known  him  as  a  most  industrious  student, 
and  the  author  of  ponderous  medical  works,  to  learn 
that  he  read  quite  a  large  number  of  novels ;  especial- 
ly during  his  summer  vacations.     More  remarkable 

PKIX;.  AMER.  raiLOS.  80C.  XIX.  107.  p.      rRlNTBD  KOVEMBKR  4,  1880. 
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Still  he  planned,  and  wrote  the  greater  part  of  a  novel 
of  his  own  ;  which  I  have  seen  in  manuscript.  It  was 
never  published. 

Amongst  the  papers  above  referred  to  there  is.  under 
the  date  of  1814,  **  An  Oration  spoken  before  the  Citi- 
zens of  PhilacK*lphia,  on  the  Independence  of  the  United 
Slates.'*  This  was  delivered  a  year  before  his  gradua- 
tion at  the  University.  In  the  year  iiSi7»  he  contri- 
buted to  Poulson's  American  Daily  Advertiser  a  very 
spirited  reply  to  an  aspersion  upon  the  Society  of 
Friends,  charging  its  members  with  a  want  of  charity 
outsitle  of  their  own  borders,  which  had  been  published 
in  the  Portfolio  of  that  day.  The  editor  of  the  latter 
j)eriodical  replied,  withdrawing,  or  essentially  modify- 
ing, his  injurious  expressions. 

Upon  leaving  the  Collegiate  Department  of  the  U^u- 
versity,  young  Wood  began  the  study  of  Medicine  as 
die  office  student  of  Dr.  Joseph  Parrish.  His  advan- 
tages there  were  decidedly  superior  ;  and  he  availed 
himself  of  them  so  well  as  to  become,  after  his  gradua- 
tion in  Medicine  at  the  University  in  1818.  his  pre- 
ceptor's associate  in  giving  instruction  to  students.  A 
private  medical  school  grew  out  of  this  association  ; 
in  which  a  number  of  our  most  eminent  physicians  and 
surgeons,  of  the  generation  now  passing  away,  took 
[)art.  first  as  i)upils,  and  some  of  them  afterwards  as 
instructor*^.  Under  such  circumstances.  Dr.  Wood 
matured  those  convictions  ui)on  i)ractical  mvulicine  and 
mrtdical  ethics  which  he  inculcated  through  his  whole 
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life;  and  \vhich»  during  the  forty-two  years  of  his  con- 
tinuous labors  as  a  medical  professor  and  clinical 
teacher,  were  spread  broadcast  diroughout  this  coun- 
tr)\  No  one  man  has  ever  done  so  much  as  he,  to 
form  and  influence  medical  opinion  in  America  upon 
both  practical  and  ethical  questions.  Well  has  it  been 
for  the  profession,  that  his  teaching  was  dictated  by 
good  judgment,  careful  study,  and,  above  all,  the  high- 
est principles  of  rectitude  and  honon 

Dr.  \Vood*s  first  course  of  lectures  was  one  upon 
chemistry,  delivered  to  a  non-professional  audience, 
chiefly  composed  of  ladies,  in  Dn  Joseph  Parrish*s 
private  office.  Here,  in  a  lay  course,  as  Dr.  Littell 
observes,  in  a  Memoir*  to  which  I  am  much  indebted 
for  information,  **  before  a  class  entranced  by  his  care- 
fully prepared  experiments  and  not  likely  to  be  hyper- 
critical in  its  judgments,  he  gained  confidence  and 
dexterit)',  and  was  thereby  better  fitted  to  perform  his 
part  in  a  more  fonnal  and  important  sphere."  There 
was  a  tradition  amongst  medical  students  and  others, 
that  Dr.  Wood  was  not  at  the  beginning  of  his  work 
as  a  teacher,  an  easy,  fluent  or  graceful  speaker.  It 
is  entirely  accordant  with  what  we  know  of  his  whole 
life,  to  suppose  that  this  may  have  been  true  ;  and  that 
his  having  become,  in  maturity,  one  of  the  most  admi- 
rable and  successful  lecturers  of  his  time  was  due  far 
less  to  any  natural  gift  of  eloquence  than  to  assiduous 
and  long  continued  exercise  and  cultivation  of  his 
powers. 

♦Read  l>efore  the  CoUoi^e  of  rh)*sicians  of  PhiKulelphia,  iKu>l>er  i,  1870. 


Shortly  aftor  tho  Phihulclphia  Colloyo  of  Pharmacy 
was  t'ouiuKil.  in  iS^i»  Or.  Wood  was  Invittnl  to  bocome 
its  ProlVssor  of  Chnnistry.  Ho  accoptoil  tho  position, 
ami  hcKl  it»  with  sucorss  ami  popularity,  from  1S22  to 
1S31.  whon  ho  was  transferred  to  the  Chair  of  Materia 
Mtnlica  in  the  same  institution* 

In  iS^^5»when  the  Chair  of  Materia  Medica  in  the 
University  of  Pennsylvania  (before  held  by  Dr.  John 
Redman  Coxt*)  became  vacant.  Dr.  Wood  was  electtnl 
to  occupy  it.  I  have  had  before  me  a  letter  addressed 
by  him,  ilurin>j  the  canvass,  to  James  S.  Smith,  one  of 
the  Trustees  of  the  University,  at  the  request  of  the 
latter,  in  which,  with  modesty  and  yet  with  tlistiucl- 
ness,  he  sets  forth  some  of  the  reasons,  jjrowinjj  out  of 
his  abundant  preparation,  for  his  claim  of  elloilnlity  to 
the  chair.  He  mentions  in  this  letter  the  fact,  that 
durinj;  the  year  iS^o  he  devoted  all  his  leisure  for 
nine  months,  in  conjunction  with  Drs.  Hewson  and 
Hache,  actinjj  as  a  Committtn^  of  the  College  of  Physi- 
cians, to  the  revisal  of  the  Pharmacopieia  of  the  United 
Statt^s.  So  many  alterations  wtTe  found  to  be  re- 
(juired,  that  it  was  necessary  to  rewrite  almost  the 
whole  work.  Hefore  the  Committee  was  satisfied.  Dr. 
Wooil  slates  that  he  had  written  all  of  the  manuscript 
copy  at  least  twice  over  with  his  own  haml.  'Hirouj^h 
its  subsetjuent  adoption  by  a  National  Convention 
at  Washington  in  1830,  this  Pharmacopoeia  became 
the  stamlard  authority  for  the  pn^paratiou  of  otVici- 
nal    medicines  throughout  the  United  Slates:  and   it 


has  so  continued,  with  repeated  revisals.  down  to  the 
present  time.  Not  lonjj  after  completing'  this  import- 
ant work,  Professor  Wood  beijan,  with  Professor 
Franklin  Bache»  aided  for  a  time  by  Daniel  H. 
Smith,  then  President  of  the  Philadel{)hia  Colleye 
of  Pharmacy,  a  very  elaborate  commentary  upon  the 
Pharmacopceia,  under  the  name  of  the  United  States 
Dispensatory.  This,  which  made  a  volume  of  more 
than  a  thousand  large  and  closely  printetl  payCvS,  was 
begun  and  finished  by  its  authors  in  less  than  two 
years.  It  has.  since  that  time,  passed  through  four- 
teen large  editions;  the  aggregate  number  of  copies 
sold,  during  Dr.  Wood*s  life-time,  amounting  to  120,- 
000  copies ;  as  it  has  long  been  regarded  as  every- 
where indispensable  to  both  the  medical  and  the  phar- 
maceutical professions.  The  intimate  association  of 
Doctors  Wood  and  Hache,  in  the  preparation  of  this 
most  useful  work  of  reference,  was  only  a  part  of  the 
fabric  of  their  life-long  fraternal  friendship.  This  close 
intimacv  was  the  more  remarkable  on  account  of  their 
being  opposed  in  interest  as  professors  in  the  two 
great  rival  medical  schools;  that  of  the  Medical  De- 
partment of  the  University  of  Pennsylvania,  and  the 
Jefferson  Medical  College  of  Philadelphia. 

In  the  professorship  of  Materia  Medica  and  Thera- 
peutics in  the  University  of  Pennsylvania,  Dr.  Wood 
reached  the  culmination  of  his  reputation  as  a  public 
Teacher.  He  was  one  of  the  leaders  in  that  great 
reform    in    instruction  upon  scientific   subjects,  which 


has  now  hocomo  universal;  in  which  iUustration  and 
dcMnonstration.  by  the  constant  prostMitation  of  objects 
to  tho  siylu.  are  prominent  and  t\ssential.  His  courses 
of  lectures  upon  Materia  Metlica  may  be  truly  said  to 
have  been  splendid,  almost  majjnincent;  adorntnl  as 
well  as  made  complete  for  the  students*  information, 
by  the  exhibition,  from  day  to  day.  of  living  specimens 
of  medicinal  plants  from  all  quarters  of  the  world, 
grown  in  his  own  private  conservatory  and  botanical 
garden,  maintained  for  this  special  purpose.  When 
such  could  not  at  the  time  be  obtained,  fme  pictorial 
representations  were  placeil  before  the  class  in  their 
stead;  and  his  cabinet  of  mineral  ajiid  other  crude  and 
prepared  sptximens  was  correspondingly  complete. 
A  printed  syllabus  of  the  course  of  lectures,  inter- 
leaved for  note- taking,  was  furnished  gratuitously  by 
him  to  each  student.  It  may  be  said,  indeed,  that  no 
portion  of  the  curriculum  of  the  Medical  Department 
of  the  University,  able  and  renowned  as  have  been  the 
other  members  or  its  l\iculty.  ever  added  more  to  the 
gri^at  reputation  and  large  classes  of  that  institution, 
than  this  model  course.  Dr.  Wood  continued  to  hold 
the  Chair  of  Materia  Medica  and  Therapeutics  until 
1850,  when  he  was  transferreil  to  that  of  the  Theory 
and  Pnuticti  of  Medicine,  upon  the  retirement  from 
the  latter  of  Professor  Nathaniel  Chapman.  This  chair 
he  retained  until  iSoo,  when  he  withdrew  from  all  ac- 
tive professional  labors. 

Among  other  literary  contributions  of  the  earlier 
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portion  of  Dr.  WoocVs  professional  life»  one  not  with- 
out importance  \vas»  his  takinj;  prominent  part  in  the 
editorship  of  the  North  American  Medical  and  Surgi- 
cal journal.  This  quarterly  periodical  attained  the 
highest  standing,  being  conducted  by  a  number  of 
gentlemen  of  ability  and  learning;  although  it  gave 
way,  after  a  few  years,  to  a  successor  in  the  same  field, 
under  circumstances  more  favorable  to  a  permanent 
existence. 

In  1835,  Professor  Wood  was  appointed  one  of  the 
attending  physicians  to  the  Pennsylvania  Hospital. 
The  duties  of  this  responsible  post  he  performed, 
with  unremitting  faithfulness,  until  the  year  1859. 
His  clinical  lectures  in  that  institution,  to  numerous 
classes  of  medical  students,  were  admirable.  Great 
improvements  in  the  methods  of  ascertaining  condi- 
tions of  internal  disease,  and  especially  in  the  physical 
diagnosis  of  affections  of  the  lungs  and  heart,  were 
brought  hither  from  Europe  after  Dr.  Wood  had  be- 
gun his  career  as  a  medical  teacher.  Having  no  ultra- 
conservatism  in  regard  to  novelties,  he  applied  himself 
to  tlie  practical  study  of  auscultation  and  percussion; 
so  as  to  become  proficient  in  their  bedside  use.  Not 
content,  however,  with  his  own  skill  in  these  newer 
methods,  he  availed  himself,  not  unfrequently,  of  the 
assistance  of  the  late  Dr.  W.  W,  Cierhard,  with  whom 
they  were  a  specialty,  in  the  diagnosis  of  cases  under 
his  care  in  the  Hospital  It  was  one  of  Dr.  Wood's 
characteristics,  that,  in  his  earnest  and  conscientious  so- 
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licitude  for  the  interests  of  his  patients  and  pupils,  he 
was  always  ready  to  supplement  and  extend  the  advan- 
tages of  his  own  personal  instruction,  by  engaging, 
upon  the  most  liberal  terms,  the  services  of  others  in 
particular  departments.  This  was  constantly  done  by 
him  in  regard  to  his  own  private  students,  of  whom, 
until  about  the  year  1855,  he  always  had  a  large  class. 
Several  of  our  most  distinguished  physicians,  now  lead- 
ing practitioners  and  professors,  can  look  back  with 
grateful  reminiscences  to  the  hours  advantageously 
spent,  in  review  of  their  University  studies,  as  Profes- 
sor Wood's  office  pupils. 

No  event  in  Dr.  Wood's  life  was  of  more  cardinal 
importance  to  him  than  his  marriage  ;  which  took  place 
in  1823,  to  Caroline,  only  daughter  of  Peter  Hahn,  a 
wealthy  merchant  of  Philadelphia.  Congenial,  domes- 
tic in  her  tastes,  and  devoted  in  her  attachment  to  him, 
she  was  able,  also,  by  her  receipt  of  large  means  from 
her  father,  to  secure  her  husband  in  an  independent 
position  in  the  world.  Some  men  would  have  availed 
themselves  of  this,  to  withdraw  from  care  and  toil 
of  every  kind,  and  to  enjoy  their  leisure  in  travel  and 
in  social  or  literary  recreation.  Not  so  with  Dr.  Wood ; 
while  generous,  and  sometimes  even  stately,  in  his 
mode  of  living,  he  employed  the  resources  placed 
within  his  reach  mainly  in  enlarging  and  improving  his 
processes  of  instruction  ;  into  which,  as  well  as  into  the 
composition  of  his  books,  he  threw  all  the  energy  of  his 
nature.     It  was  a  familiar  fact  to  his  contemporaries  in 
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the  medical  profession,  that  the  neediest  practitioner, 
lecturer  or  author  among  them  all,  seldom  worked  so 
hard,  and  so  incessantly,  as  Dr.  Wood.  The  motives 
which  sustained  him  in  these  laborious  habits,  were, 
evidently,  not  at  all  a  desire  to  accumulate  farther 
wealth,  but  a  love  for  his  pursuits,  per  se;  a  very  earnest 
purpose  of  usefulness  to  his  fellow-men  ;  and,  it  may 
be,  a  not  ignoble  valuation  of  his  own  reputation. 

Although  without  offspring,  the  companionship  of  his 
e^^cellent  wife  was  to  him  a  constant  source  of  happiness, 
until  her  death  in  1865.  With  this  loss,  following  that 
of  Dr.  Bache  in  1864,  began  the  decline  of  Dr.  Wood's 
vigor,  which  slowly,  and  almost  insensibly,  proceeded, 
until  his  decease  in  the  Spring  of  1879. 

In  1847,  before  his  transfer  to  the  Professorship 
of  Practice  of  Medicine  in  the  University,  he  published 
his  great  treatise,  in  two  volumes,  on  the  Practice 
of  Medicine.  This  was  at  once  recognized,  at  home 
and  abroad,  as  an  authoritative  work.  It  became  a 
favorite  text-book  for  students,  not  only  in  this  country, 
but  also  in  Great  Britain.  The  time-honored  Univer- 
sity of  Edinburgh  was  one  of  several  foreign  medical 
schools  in  which  it  was  officially  approved  and  adopted. 
It  passed,  during  its  author's  life,  through  six  editions. 

This  work  was  followed,  in  1856,  by  another,  also  in 
two  octavo  volumes,  a  treatise  upon  Therapeutics  and 
Pharmacology.  Of  this,  three  editions  were  issued  ; 
the  last  in  1868.  In  both  of  these  works,  Dr.  Wood 
showed  the  most  indefatigable  industry  and  excellent 
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judjLjment,  in  research,  selection  and  arranjjement, 
of  all  the  knowlodjjo  obtainable  upon  his  subjects.  In 
neither  is  there  manifested  much  originality  of  inven- 
tion, discovery  or  sujjjjestion.  b-xce|)iion  may,  how- 
ever, be  made  to  some  extent  upon  this  last  point,  so  far 
as  to  say  that  he  always  exhibited  j^reat  readiness,  and 
sometimes  injjenuity,  in  accountinjj  for  thinj>s  which, 
to  many  others,  seemed  ditVicult  to  explain*  I  never 
knew  him  to  he  without  a  probable  hypothesis,  when 
one  was  wanted  for  such  a  purpose,  whether  in  pathol- 
ojjy  or  therapeutics,  or  in  social  or  political  afVairs. 

Or,  Wood's  mental  outlook  was,  indeed,  far  fn>m 
beinjj  narrow,  or  in  any  sense  restricted  to  matters 
connected  with  his  own  profession.  1  le  was  earnestly 
and  actively  interested,  for  stn'eral  years,  in  the  estab- 
lishment of  Ciirard  Collej>e  according;  to  the  desijjns 
of  its  endowment  There  is  amongst  'his  papers,  in 
connection  with  this,  a  communication  to  the  /VtiAt<M- 
phia  CounW  and  linqiihrr  of  the  date  of  Monday, 
Dec.  28,  1840,  a  really  eloquent  appeal  to  the  citizens 
of  Philadelphia,  signed  "GirardT  in  which  the  philan- 
thropist is  personattHl  as  calling  from  his  grave  upon 
those  to  whom  his  trust  had  been  confided,  to  end  their 
long  delay  in  the  fulfilment  of  his  cherished  purposes 
for  the  benefit  of  the  orphans  of  the  City  and  State  of 
his  adoption.  A  few  won.ls  from  this  paper  may  be 
here  not  inappropriately  cited,  as  an  example  of  its 
author  s  style. 

"  I  entreat  you,'*  he  writes,  '*byour  former  fellow- 
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ship  and  by  all  the  good  which  I  have  intended  for  you 
and  your  children,  1  require  of  you  by  the  obligation 
of  an  accepted  trust*  I  conjure  you  by  the  terrors  of  a 
wounded  conscience  and  a  retributive  judgment,  to 
guard  faithfully  the  sacred  pledge  which  1  have  depos- 
ited with  you.  Should  any  one  attempt  to  violate  its 
sanctity,  and  abuse  it  for  some  unholy  purpose,  let  him 
feel  the  weight  of  your  indignant  reproof  Should  a 
public  servant  dare  to  propose  a  dishonorable  applica- 
tion of  it  to  your  own  wants  or  necessities,  frown  him 
into  that  contempt  which  every  pander  merits.  If  in- 
jury has  accrued  from  former  neglect,  do  all  that  you 
can  to  remedy  the  past  and  to  guard  the  future/* 

In  presenting  this  appeal  to  the  public,  after  nine 
years  had  elapsed  without  any  application  of  Stephen 
Girard's  legacy  to  the  education  of  orphans,  it  was  un- 
derstood that  its  author  represented,  although  inform- 
ally, the  wishes  of  the  Trustees  of  the  College. 

Shortly  afterwards,  Dr.  Wood,  as  chairman  of  a 
committee  of  the  same  Board  of  Trustees,  prepared 
a  formal  communication  to  the  Select  and  Common 
Councils  of  Philadelphia,  urging  immediate  action  to 
carry  out  the  provisions  of  Girard*s  will,  by  legal  en- 
actments and  appropriations.  The  result  of  this  con- 
flict, however,  between  the  Councils  and  the  Board, 
was  the  dissolution  of  the  latter,  of  which  Nicholas 
Biddle  was  then  President;  and,  also,  the  termination 
of  the  official  connection  with  the  College  of  its  first 
President,  Alexander  Dallas  Bache. 
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An  important  contribution  was  made,  also,  by  Dr. 
Wood,  to  the  orijanization  of  Girard  College,  in  the 
form  of  a  report  of  a  committee  of  which  he  was 
chairman,  upon  the  clothinjj,  diet,  etc.,  of  its  orphan 
pupils.  This  report  comprised  a  brief  but  clear  and 
systematic  statement  of  the  principles  essential  to  the 
healthy  conduct  of  such  an  establishment;  such  as, 
if  carried  out,  must  have  secured  to  it  from  the  start, 
excellent  sanitary  conditions. 

Among  other  subjects  upon  which  Dr.  Wood  wrote 
well,  as  he  did  upon  all  topics  which  interested  him  at 
all,  was  that  of  the  Tcimperance  reform.  He  contri- 
buted to  the  Cfiited  States  Rr.'icw,  in  jAnuary,  1834, 
an  article  about  fifty  pages  in  length,  on  the  **  Tem- 
perance Cause/'  His  views,  in  this  article,  were  ad- 
vanced for  that  day.  although  confined  to  an  exposition 
of  the  evils  attending  the  use  of  ardent  spirits  as  a 
drink,  and  of  immoderate  indulgence  in  the  use  of  fer- 
mented beverages.  That,  with  longer  reflection  and  ex- 
perience, his  mind  did  not  greatly  change  upon  this 
subject,  was  shown  by  a  note  appended  by  him  to  a  re- 
print of  the  above  mentioned  article,  in  1872.  "Were 
our  efforts  confined,'*  he  there  says.  "  to  the  exclusion  of 
ardent  spirit  or  distilled  liquors  from  use,  there  might  be 
some  hope  of  success  in  the  end ;  as  a  people  among 
whom  temperance  could  be  established,  with  this  limit- 
ation, could  never,  so  long  as  the. rule  continued,  be- 
come a  nation  of  drunkards." 

It  may  be  remarked  that  Dr.  Wood's  retired  position 
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in  his  later  life  may  have  debarred  him  from  a  close 
acquaintance  with  that  pressure  of  facts  in  reg^ard  to 
the  effects  of  intemperance  in  our  own  and  other  coun- 
tries, which,  with  the  evidence  that  the  limitation  which 
he  urged  cannot  be  anywhere  extensively  carried  out, 
has  brought  many  cautious  minds  in  our  time  to  con- 
clude, that,  to  control  what  seems,  next  to  war,  die 
chief  destroyer  of  modern  nations,  no  prohibition,  no 
personal  or  general  sacrifice  can  be  too  great  It  may 
be  proper  to  say  here»  also,  that,  in  his  own  way  of  life. 
Dr.  Wood,  while  very  fond  of  hospitality,  and  making 
his  house  a  favorite  social  centre,  especially  for  the 
members  of  his  own  profession,  was  a  marked  instance 
of  tlie  benefits  of  that  temperance  which  he  so  ably  de- 
fended and  enjoined. 

Historical  composition  always  had  a  great  attraction 
for  Dr.  Wood.  In  the  two  volumes  of  his  Memoirs, 
Lectures  and  Addresses,  published,  the  one  in  1859, 
and  the  other  in  1872,  we  find  the  following  papers 
expressly  of  that  character : 

//is/ory  of  Materia  Jfec/ira;  History  of  Materia 
Medica  ipi  the  I  ^nited  States;  Sketch  of  the  History  of 
the  Medical  Depapiment  of  the  I  ^niversity  of  Pennsyl- 
vapiia;  History  of  the  Penpisyhapiia  Hospita/,  delivered 
at  the  centennial  celebration  of  its  foundation,  with  a 
supplement  to  this,  delivered  at  the  laying,  in  1856, 
of  the  corner-stone  of  the  new  Penna.  Hospital  for  the 
Insane ;  and  a  Histop'v  of  ChpistidPiitv  ipi  Ipidia. 

The  last  named  of  these  historical  memoirs  was  part 
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of  a  larger  plan  of  a  Iff  story  of  huiia,  conceived  by  its 
author  in  early  life,  and  abandoned  on  account  of  the 
demands  made  upon  his  time  by  his  professional  duties. 
The  eleven  chapters  which  were  completed  make  more 
than  a  hundred  pages  of  the  volume  of  Memoirs,  &c., 
published  by  him  in  [872.  There  is  added,  also,  as  a 
supplement,  an  Address  on  the  British  Kast  India  Em- 
pire, which  was  delivered  by  Professor  Wood  before 
the  Athenian  Institute  of  Philadelphia,  January  23d, 
1839,  From  the  latter,  we  may  take,  as  bearing  upon 
a  topic  whose  interest  to  the  world  at  large  is  increas- 
ing every  year,  the  following  concluding  reflections  : 

"  But."  it  is  there  written,  "  the  fortunes  of  India  and 
Great  Britain  are  not  to  be  forever  united.  The 
English  themselves,  even  those  who  have  labored  most 
assiduously  in  the  consolidation  of  the  Indian  Empire, 
look  forward  to  an  ultimate  separation.  They  look 
forward  to  the  time,  when,  through  the  agency  of 
causes  brought  to  bear  upon  the  people  of  India  by 
their  present  political  relations,  they  will  have  become 
enlightened,  refined,  elevated  in  sentiment  and  conduct ; 
when  the  adoption  of  a  pure  religion  will  have  cleansed 
away  the  moral  foulness  which  now  corrupts  every 
spring  of  action  ;  when  their  long  union  under  one 
common  government  will  have  given  them  a  feeling  of 
political  identity,  a  spirit  of  nationality  and  patriotism, 
which  may  lead  them  to  desire  independence,  for  which 
their  expanded  intelligence  and  j>urer  morality  shall 
have  fitted  them.     When  thus  ripe  for  self-government. 
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may  we  not  reasonably  hope,  that  India  will  fall  off 
spontaneously  and  peaceably  from  her  long  attachment, 
and,  either  as  one  or  as  several  people,  take  her  place 
in  that  brotherhood  of  nations,  which,  in  America,  in 
Africa,  and  in  Australasia,  will  have  owed  their  origin  or 
civilization  directly  or  indirectly  to  Great  Britain,  and 
will  continue  to  revere  the  name  and  cherish  the  insti- 
tutions of  this  mother  of  empires,  when  she  herself 
shall  have  fallen  into  the  decrepitude  of  age,  or  have 
gone  to  join  her  predecessors  in  the  realms  of 
history  ?" 

A  number  of  Biographical  Memoirs,  also,  were  writ- 
ten by  Dr.  Wood.  We  find,  in  his  first  volume,  a 
memoir  of  Dr.  Joseph  Parrish,  and  one  of  Dr..  Samuel 
George  Morton ;  in  the  second  volume,  of  Dr.  Frank- 
lin Bache,  of  Frederick  Beasley,  D.D.,  and  of  Dr. 
James  L.  Fisher.  All  but  one  of  these  were  prepared 
either  for  the  American  Philosophical  Society,  or  for 
the  College  of  Physicians,  or  the  Medical  Society  of 
Philadelphia. 

Of  scientific  contributions  by  Dr.  Wood  to  the  Pro- 
ceedings of  the  American  Philosophical  Society,  I  find 
record  of  four.  The  first  of  these  was  delivered  as 
an  address  to  the  Society,  in  i860,  his  second  year  of 
service  as  its  President,  upon  "Dangers  of  Hasty 
Generalization  in  Science."  It  exemplified,  as  well 
as  inculcated,  that  cautious,  although  never  timid 
spirit,  which  becomes  the  true  philosopher;  which 
welcomes  the  appearance  of  every  promising  novelty, 
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in  science  or  in  arti  but  always  refuses  to  accept  it  sim- 
ply because  it  is  new;  which  believes  everything  which 
is  proven  by  sufficient  evidence,  but  nothing  without 
evidence,  whatever  its  attraction  to  the  fancy,  the  intel- 
lect, or  even  the  moral  sense. 

Dr.  Woodfi  other  papers,  published  in  the  Proceed- 
ings of  this  Society,  were  upon  the  subject  of  his  obser- 
vations and  experiments,  carried  on  through  several 
years,  upon  his  farm  at  Greenwich,  in  regard  to  the 
fertilizing  and  renewing  action  of  the  alkali  potassa  on 
the  growth  of  fruit-trees,  potatoes,  wheat  and  other 
plants.  The  addition  of  wood  ashes  empirically  to 
certain  soils  under  cultivation,  has  long  been  a  com- 
mon practice  in  many  places.  By  the  chemical  analysis 
of  plants  and  of  the  earth  in  which  they  grow,  as  Dr. 
Wood  mentions,  their  mutual  physiological  relations 
have,  especially  since  the  investigations  of  Liebig,  been 
generally  understood.  But  the  merit  of  Dr.  Wood's 
observations  is,  that  they  have  furnished  means  of  defi- 
nite experimental  demonstration,  upon  a  considerable 
scale,  of  the  practical  application  of  this  part  of  the 
chemical  physiology  of  plants,  in  a  manner  productive 
of  direct  agricultural  and  horticultural  profit. 

Every  inquiry  of  such  a  kind  is,  of  course,  of  a  com- 
plex nature,  and  the  inferences  derived  from  it  must 
be  properly  collated  and  correlated  with  other  facts 
and  laws,  which  may  qualify  both  their  interpretation 
and  their  application.  But  the  scientific  and  practical 
value  of  such  investigations  is  beyond  doubt;  espe- 
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cially  when  carried  on  with  the  patience,  carefulness 
and  candor  which  attended  those  which  have  been  thus 
briefly  recorded. 

Dr.  Wood*s  professional  eminence  and  personal 
qualifications  led,  naturally  and  suitably,  to  his  being 
called  to  high  official  positions.  In  1848,  he  was 
elected  President  of  the  College  of  Physicians  of 
Philadelphia;  an  office  which  remained  with  him  there- 
after until  his  death.  In  1855,  he  was  made  President 
of  the  American  Medical  Association;  and  in  1859, 
President  of  the  American  Philosophical  Society.  In 
this  last  position,  he  followed,  after  an  interval  of  some 
years.  Dr.  Nathaniel  Chapman.  Both  of  these  appoint- 
ments may  be  regarded  as  not  only  altogether  appro- 
priate on  account  of  the  high  individual  merits  of  those 
who  received  them,  but,  also,  as  evincing  a  recognition 
of  Ihe  relation  of  the  medical  profession  to  the  general 
advancement  of  science,  to  which  medical  men  here, 
as  elsewhere,  have  rendered  such  large  and  numerous 
contributions ;  besides  exemplifying,  in  their  own  vo- 
cation, the  principle  that  science  lives  and  works  most 
fitly,  not  for  its  own  intellectual  aims  alone,  but  also 
for  the  common  benefit  of  humanity. 

In  1870,  Dr.  Wood  was  disposed  to  retire  from  all 
official  duties,  on  account  of  his  advancing  age  and  in- 
firmity. On  the  occasion  of  his  tendering  his  resigna- 
tion of  the  Presidency  of  the  American  Philosophical 
Society,  its  Secretaries  were  authorized,  as  a  commit- 
tee, to  request  its  withdrawal.     In  the  communication 
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addressed  to  him  in  regard  to  it  by  them,  he  was  as- 
sured on  behalf  of  the  members  of  the  Society,  that  all 
continued  to  recognize  him  as  "the  most  worthy  repre- 
sentative it  could  have,  not  only  where  it  holds  its 
meetings,  but  in  its  correspondence  with  other  learned 
bodies  like  itself." 

After  his  retirement  from  active  service  in  the  Chair 
of  Theory  and  Practice  of  Medicine  in  the  University 
of  Pennsylvania,  he  was  made  Emeritus  Professor. 
He  became  also,  soon  afterwards,  a  member  of  the 
Board  of  Trustees  of  the  University.  In  that  Board, 
as  Chairman  of  its  Committee  on  the  Medical  Depart- 
ment, he  exercised  for  many  years  an  influence  upon 
its  affairs  more  important,  perhaps,  than  that  of  any 
other  individual  member. 

His  distinctions  were  not  confined  to  his  own  city. 
The  College  of  New  Jersey  bestowed  upon  him  the  €e- 
gree  of  LL.D.  Besides  being  made  honorary  or  cor- 
responding member  of  the  New  York  Academy  of 
Medicine,  and  the  Medical  Societies  of  Massachusetts 
and  Rhode  Island,  the  same  honor  was  conferred  upon 
him  by  the  Socictc  dc  Pharmacie  of  Paris,  the  Medico- 
Chirurgical  Society  of  Edinburgh,  the  Royal  Col- 
lege of  Physicians  of  Dublin  ;  the  Silesian  Society  for 
Native  Culture  of  Breslau,  IJ Academia  de  Ouiriti 
of  Rome,  and  the  Societas  Cesarea  Natune  Curio- 
sorum  of  Moscow,  Russia.  He  attended,  as  a  guest, 
two  meetings  of  the  British  Association  for  the  Ad- 
vancement  of  Science,    in    1848   and    1861.     In    the 


former  year,  he  was  appointed  dele^jate  from  the 
'  American  Medical  Association  to  the  meeting*,  at 
Batli,  of  the  British  Medical  Association.  At  his 
reception  on  this  occasion,  when  his  credentials 
were  read,  cotfiplimentary  resolutions  were  passed, 
and  the  whole  assembly  rose  to  greet  him,  as  the 
accredited  and  honored  representative  of  his  pro- 
fession in  America.  During  his  last  visit  to  Eng- 
land, in  1861,  appropriate  official  and  social  courte- 
sies were  extended  to  him,  as  President  of  the  Ameri- 
can Philosophical  Society,  and  of  the  College  of 
Physicians  of  Philadelphia,  by  the  officers  and  members 
of  the  Royal  Society,  and  of  the  College  of  Surgeons 
and  Physicians  in  London. 

Three  journeys  to  Europe  were  made  by  Dr.  Wood, 
in  1848,  1853,  and  1860-61-62.  He  visited  in  turn 
nearly  all  the  principal  countries  of  Europe,  including 
Russia*  Nor  were  these,  to  him,  tours  only  of  idle 
amusement  or  mere  recreation.  His  natural  and  ac- 
quired industry,  his  real  love  of  work  as  well  as 
of  knowledge,  induced  him  to  study  carefully,  some- 
times almost  exhaustively,  every  place  and  object 
of  interest.  Many  volumes  of  his  Journals  of  Travels 
have  been  preserved.  They  are  very  systematically 
written,  and  contain  more  valuable  inft)rmation.  clearlv 
and  tersely  conveyed,  than  most  popular  books  by 
famous  voyagers.  A  scientific  note  book  was  also  kept 
by  him,  upon  some  particular  subjects  of  interest  and 
importance.     Full,  often  elaborately  detailed  accounts 
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of  his  observations  are  given,  of  the  most  varied  things 
and  places :  as,  for  example,  the  Museum  of  Northern 
Antiquities  at  Copenhagen,  to  the  description  of  whose 
contents  he  gives  fifteen  letter-size  pages  of  his  Journal; 
the  geological  structure  and  indications  of  the  banks 
of  the  Tiber ;  art  galleries  and  the  carnival  in  Rome ; 
vineyards  and  vine  culture  near  Perugia,  on  the  way 
from  Rome  to  Florence ;  the  Lariborsiere  Hospital  at 
Paris ;  the  great  International  Exhibition  at  London ; 
the  reception  of  a  deputation  of  philanthropists  by 
Lord  Palmerston  ;  and  the  annual  dinner  of  the  British 
Medical  Association.  One  of  the  pleasing  minor  inci- 
dents of  his  last  visit  to  London,  was  the  refusal  of  the 
proprietor  of  a  leading  drug  establishment  in  that  city 
to  receive  payment  from  him  for  some  rather  expen- 
sive medicines,  on  account  of  the  services  rendered  to 
himself  by  Dr.  Wood  in  his  writings. 

Some  important  concerns  of  the  American  Philo- 
sophical Society  received  careful  and  judicious  atten- 
tion from  him  during  his  journeys  abroad.  Among 
these  were,  his  promotion,  by  personal  address  and 
correspondence  with  our  Minister  at  St.  Petersburg, 
of  the  donation  to  the  Society  of  one  of  the  copies 
of  the  reprint,  authorized  by  the  Emperor  of  Russia, 
of  the  Sinaitic  Codex  of  the  New  Testament,  brought 
to  Europe  by  Professor  Tischendorf.  While  in  Paris, 
also,  he  found  it  necessary  to  devote  some  time  to  the 
affair  of  the  Michaux  legacy  to  this  Society ;  which  was 
then  complicated  by  the  reluctance  of  Madame  Beziers, 
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widow  of  Michaux,  to  carry  out»  as  desired,  some  of  the 
required  arrangements. 

Our  great  civil  war  was  going  on  during  tlie  last 
absence  of  Dr.  Wood  in  Europe,  Every  mail  brought 
news  of  battles,  sometimes  with  reverses  and  sometimes 
successes,  of  the  Union  arms.  So  patriotic  a  man 
could  not  fail  to  be  much  moved  by  these  events ;  and 
his  Journal  has  many  pages  filled  with  reflections  upon 
them,  and  the  expression  of  his  anxious  solicitude  for 
his  country  during  its  perils.  There  is  interest  in  these 
expressions,  as  those  of  a  sagacious  man.  looking  for- 
ward as  well  as  backward,  at  the  career  of  this  great 
Republic,  then  passing  through  its  ordeal  of  fire.  In 
1861.  he  was.  with  others,  much  exercised  about  the 
possibility,  at  one  time  threatening,  of  Great  Britain 
interfering  to  the  advantage  of  the  Secessionists.  He 
predicts  as  tlie  result  of  such  an  unwarranted  action, 
certain  disaster  if  not  ruin,  to  England ;  through  ad- 
vantage being  taken  by  France,  under  Napoleon  III., 
of  the  opportunity  thus  afforded  to  provoke  new  con- 
flicts, not  improbably  ending  in  a  general  European 
war. 

Confidently  anticipating,  at  the  beginning  of  1862, 
the  final,  if  not  speedy  triumph  of  the  forces  of  the 
Union,  he  saw  very  distinctly  at  that  period,  the  later 
prospect,  which  he  indicated  in  these  words :  **  But 
the  problem  appears  to  me  much  more  difficult,  what 
is  to  be  done  with  the  South  when  conquered,  than  will 
be  the  task  of  conquest.**     The  plan  which  he  favored 
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was  one  which  many  others  have  approved ;  perhaps 
more  even  now  than  at  the  close  of  the  war,  since  the 
trial  of  a  different  but  imperfectly  successful  policy; 
namely,  "  the  establishment,  in  the  States  which  had  for- 
feited their  rijjhts  under  the  Constitution,  of  provisional 
governments,  with  officers  appointed  by  the  President 
and  Senate,  and  under  regulations  prescribed  by  Con- 
gress, until,  by  a  gradual  amendment  in  the  character 
or  mater^l  of  the  population  they  shall  be  again  fitted 
to  govern  themselves  as  constituent  parts  of  the 
Union." 

Another,  and  still  nearer,  cause  of  anxiety  began, 
early  in  the  same  year,  to  throw,  as  he  wrote  in  his 
Journal,  a  deep  shadow  over  Dr.  Wood's  future.  This 
was  the  discovery  that  a  cancerous  tumor  was  begin- 
ning to  threaten  his  wife's  health  and  life.  His  plans 
of  travel  were  altered  in  consequence.  A  voyage  to 
Athens,  Constantinople  and  Egypt  was  given  up;  and 
after  some  farther  stay  in  Italy,  the  party  traveled 
slowly  toward  Paris. 

There,  after  careful  surgical  consultation,  in  April, 
1862,  the  operation  of  excision  was  skilfully  performed 
by  the  veteran  surgeon,  Velpeau,  assisted  by  Nelaton, 
and  Dr.  Beylard,  then  of  Paris,  but  formerly  of  Phila- 
delphia. Dr.  Wood's  feeling  upon  the  subject  of  his 
wife's  illness  and  suffering  was  expressed  thus  in  his 
Journal:  "She  and  my  country  are  the  objects  nearest 
my  heart;  and,  if  I  know  myself,  I  would  willingly  give 
up  my  own  life,  <:ould  I  thereby  secure  the  continued 
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enjoyment  of  life  and  happiness  to  either/'  Her  life 
was  prolonged,  with  tolerable  health  for  a  considerable 
period,  until  1865. 

Before  Dr.  Wood's  embarkation  upon  his  last  jour- 
ney abroad,  in  i860,  a  farewell  public  dinner  was  given 
him  by  die  rhembers  of  the  medical  profession  in  Phil- 
adelphia, in  testimony  of  their  high  respect,  esteem 
and  affection.  The  venerable  and  distinguished  Dr. 
La  Roche  presided.  The  occasion  was  one  of  unusual 
interest.  No  physician  in  Philadelphia  was  ever  more, 
if  ever  one  so  much,  looked  up  to  by  those  of  all  ranks 
and  ages,  as  truly  the  head,  the  patriarch*  of  the  medi- 
cal profession  in  America. 

At  the  time  of  his  death,  in  1879,  Dr.  Wood  was 
a  few  days  more  than  eighty-two  years  of  age. 
On  the  subject  of  his  funeral.  I  must  cite  the  words 
of  Dr.  Littell,  in  his  memoir,  already  mentioned:  "His 
remains,  followed  by  a  long  train  of  sorrowing  friends, 
were  silently  interred  at  Laurel  Hill,  as  the  manner 
of  Friends  is  to  bury.f  Not  a  word  was  uttered,  not  a 
note  was  heard,  either  at  the  house  or  at  the  grave. 
All  instinctively  felt  that  fulsome  panegyric  or  trite  re- 
mark would  be  alike  out  of  place  on  such  an  occasion. 
They  came  *to  bury  Ciesar,  not  to  praise  him.'     But 

•This  expression  was  applied  by  Dr.  Wood  himself,  in  1850,  to  his  predeces- 
sor, Dr.  Nathaniel  Chtipniiin.  tt  may  be  said  to  be  still  preserved  to  Philadel- 
phia, in  the  person  of  our  distinguished  surjjeon,  rrofosM)r  S.  I).  Ciross,  who  has 
received  the  very  highest  honors  on  both  sides  of  the  Atlantic. 

t  It  need  scarcely,  perhaps,  be  here  noted,  that  fitting  discourse,  by  ministers 
or  others,  is  frequent,  although  not  universal,  at  the  funerals  of  "  Friends." 
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Dr.  Litteli,  "his  purity  was  that  of  the  snow 
no  one  in  his  presence  ever  ventured  tc 
ribald  jest  or  unseemly  remark."  But 
know  him,  in  a  long  acquaintance,  to  be  (o 
off  his  guard,  in  the  measured  dignity  of  hi 
and  then  it  was  under  somewhat  unusual 
It  seemed  not  improbable,  however,  that  he 
ly  an  imperious  temper ;  kept,  upon  prin 
admirable  control. 

His  conversation  was  agreeable  and  o 
structive,  though  not  brilliant.  In  one  res 
extremely  different  from  Dr.  Nathaniel  Cha] 
only,  in  very  frequent  professional  and 
course,  did  I  hear  him  utter  a  facetious  r 
then,  it  was  rather  the  dry  wit  which  bri 
than  the  humor  which  compels  laughter. 

One  of  Dr.  Wood's  early  formed  habits 
mon,  perhaps,  with  toilsome  authors,  was  I 
most  of  his  literary  work  late  at  night, 
o'clock  until  two,  three  or  four  in  the  morn 
usual  hours  for  such  employment  So  in 
this  become,  as  a  "  second  nature"  with  hir 
in  advanced  age  he  laid  his  pen  almost  ei 
he  found  it  impossible  to  return  to  ordinar; 
was  still  obliged,  almost  to  the  last,  to  tu 
day,  and  day  into  the  time  of  his  repose. 

Open-handed  benevolence  was  a  mat 
Dr.  Wood's  character.  Privately,  and  to 
tutions,  he  gave  largely,  although  always 
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discrimination  and  judgment.  The  University  of  Penn- 
sylvania, the  Pennsylvania  Hospital,  the  Philadelphia 
College  of  Physicians,  the  American  Philosophical 
Society  and  the  Academy  of  Natural  Sciences  were  the 
main  recipients  of  his  liberal  donations  during  his  life- 
time; and  several  of  these  institutions  also  became 
principal  legatees  in  his  will. 

Nor  ought  it  to  abate  our  appreciation  of  this  mu- 
nificent liberality,  that,  since  his  decease,  the  expected 
pecuniary  value  of  these  legacies  has  not  been  fully 
met,  on  account  of  the  depreciation  ^f  securities,*^ 
and  the  inability  of  his  cranberry  plantation  in  New 
Jersey  as  yet  to  realize  the  large  profits  which  he  an- 
ticipated from  it. 

This  last  project,  it  appears  needful  to  believe,  was 
probably  the  least  fortunate  of  Dr.  Wood*s  undertak- 
ings. So  sanguine,  however,  was  he  in  regard  to  it^ 
that  he  added  for  its  extension  a  large  number  of  acres 
to  his  farm  at  Greenwich,  at  prices  larger  than  their 
owners,  his  neighbors,  thought  fit  to  ask  of  him.  Here> 
as  usual,  mercenary  aims  were  the  farthest  from  his 
thoughts. 

Mention  has  been  before  made,  incidentally,  of  Dn 
Wood's  inclination  towards  a  certain  stateliness  in  his 
mode  of  living.  In  traveling  during  the  summer 
through  the  State  of  Pennsylvania,  and  even  in  going 

*Hi8  will  was  made  in  1871,  when  gold  was  at  a  premium  of  ia|i  per  cent.» 
and  all  other  kinds  of  property  were  at  a  correspondingly  high,  if  not  higher  range 
of  prices,  compared  to  those  following  the  resumption  of  specie  payments,  and 
especially  the  depression  which  succeeded  the  "panic"  of  1873. 
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to  his  farm  in  New  Jersey^  he  would  not  unfrequently 
drive  four-in-hand.  This  did  not  appear  to  be  at  all 
from  affectation  or  love  of  display,  for  which  he  had  no 
fondness;  but  rather  from  his  conception  of  what  be- 
longed to  his  position  in  the  profession  and  in  general 
society,  of  which  he  was  so  prominent  a  member. 

In  all  things,  correctness,  exactitude,  method,  and 
thoroughness  were  leading  aims  with  Dr.  Wood. 
These  were  shown  above  all  other  traits  in  his 
courses  of  instruction,  private  and  public.  No  pains 
were  spared  to  make  every  lecture  complete,  even  in 
its  smallest  mmufiit.  His  manner  as  a  lecturer  was 
comparatively  quiet,  but  sufficiently  energetic;  with 
enough  animation  always  to  secure  attention,  although 
never  in  the  least  approaching  rhetorical  excess. 
Others  might  easily  obtain  more  admiration  for  their 
eloquence;  no  lecturer  in  the  University  was  ever 
more  effective,  in  conveying  instruction  and  informa- 
tion to  his  classes.  Especially  in  the  abundance  and  ex- 
cellence of  the  illustrations  accompanying  his  lectures, 
he  was  in  advance  of  almost  all  his  contemporaries.* 

In  Dr.  Wood*s  style  as  a  writer,  the  same  qualities 
of  clearness  and  correctness  were  constantly  mani- 
fested. If  to  any  author,  in  science,  philosophy »  foren- 
sic or  general  literature,  the  term  /aiilt/ess  may  be  ap- 
plied, it  may  be  to  htm.     Nor  was  his  manner  correct 

^ir  there  was  An  exception  to  thin,  it  was  in  the  case  of  Pnifexsur  Kohcrt 
liAre,  But  he,  AS  is  well  known,  thou^^h  a  very  illustrious  chemist,  Anvl  aI)ouiuI* 
ing  in  skilful  And  expensive  experinieiitAtiou,  was  not  a  superior  lecturer* 


merely;  it  was  both  elegant  and  forcible;  varied  with- 
out eccentricity,  and  polished,  although  devoid  of  orna- 
ment His  anniversary  discourses  on  public  occasions 
connected  with  the  Pennsylvania  Hospital,  and  his  in- 
troductory and  other  addresses  at  the  University,  were 
models  of  their  kind;  and  there  are  passages  in  his 
History  of  Christianity  in  India,  which,  without  any  of 
the  brilliant  adornments  of  a  Macaulay,  would  not 
seem,  in  their  manner,  out  of  place  upon  the  pages  of 
a  Bancroft  or  a  Prescott. 

His  youthful  ventures  into  the  realm  of  poetic  au* 
thorship  have  been  already  mentioned.  The  exact 
date  of  the  composition  of  his  longest  versified  work  is 
not  known  to  me.  The  copy  which  I  possess  was 
printed  in  Pliiladelphia,  in  1S64,  without  its  author^s 
name.  It  was  dedicated  to  his  wife,  in  language  of 
admiration  and  tenderness;  as  the  one  who,  as  he 
therein  says,  "hast  taught  me  how  much  a  woman  can 
love,  and  hast  enabled  me,  through  the  feelings  thou 
hast  inspired,  to  measure  the  depth  of  affection  of 
which  the  manly  heart  is  capable,** 

This  poem  was  an  epic,  in  rhymed  heroic  verse,  en- 
titled, **  First  and  Last ;  a  Poem  intended  to  illustrate 
the  ways  of  God  to  man.*'  It  is  divided  into  eighteen 
chapters  (instead  of  books  or  cantos),  making  a  i2mo 
volume  of  more  than  two  hundred  and  fifty  pages. 

In  reading  it,  one  might  easily  forget  that  its  author 
was  a  man  of  practical  mundane  experience  and  cyclo- 
paedic research,  an  authority  in  precise  and  applied 
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science.  It  is  not  without  evidence  of  some  power 
of  imagination.  Scarcely  a  false  rhyme  or  incor- 
rect measure,  or  even  a  harsh  sounding  line,  occurs 
throughout.  Yet  it  is  almost  equally  v/ithout  a  spark 
of  poetic  genius.  The  " mens  divinior''  the  Olympic 
gift,  which  comes  not  with  any  toil  and  is  created  by 
no  strongest  force  of  will,  is  wanting.  Many  scientists, 
like  Sir  Humphry  Davy,  have  begun  life  with  poetic 
aspirations;  but  no  born  poet,  except  Goethe,  ever 
contributed  important  and  permanent  original  gifts  to 
science.*  Still  less,  perhaps,  ought  we  to  look  for  the 
fire  of  genius  where  the  whole  character  of  a  man's 
productions  is  that  of  great  accumulation  rather  than 
of  creation.  Let  us,  then,  without  further  criticism,  ac- 
cept on  behalf  of  this  epic,  whose  subject  was  the  Mil- 
tonic  one  of  the  Fall  of  Man,  and  the  scenes  that  fol- 
lowed it  during  the  life-time  of  Adam  and  Eve,  some  of 
Dr.  Wood's  own  earlier  lines,  written  in  the  album  of 
a  friend,  in  1831  : 

**  What  tho*  no  fire  celestial  glows 
Along  the  burning  line ; 
Nor  stream  of  sweetest  music  flows, 
Nor  gems  of  fancy  shine; 

<*  And  even  should  my  hand  untaught 

Fail  from  the  string  to  wrest 
A  note  responsive  to  the  thought 

That  dwells  within  my  breast ; 

*The  scientific  mind  has  been  more  often  associated  with  artistic  than  with 
poetic  genius;  as,  very  remarkably,  in  the  case  of  Leonardo  da  Vinci.  In  our 
own  times,  Charles  Kingsley  and  O.  W.  Holmes  have  been  the  most  notable 
instances  of  the  combination  of  attainments  in  science  with  great  literary  success. 
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<*  Yet  (virtiAl  friendship  to  these  Uys 

Will  not  her  enr  refuse ; 
And,  if  she  cannot  justly  praise, 

Will  Ubour  to  excuse/' 

Dr.  Wood  embodied  in  this  epic  poem  his  calm  and 
deeply  assured  conviction  of  the  truth  and  supreme 
importance  of  the  Christian  religion,  which  underlaid 
and  supported  the  whole  structure  of  his  life. 

A  few  lines  from  *'First  and  Last"  may  suffice  to  set 
this  forth : 

**  Lo  t  fvon\  the  cnv^s  on  which  the  Sinless  died, 
I  low  strcAms  the  li^^ht  of  life  on  every  side  \ 
How  penetrate  remotest  realms  its  rays, 
Karih*s  darkest  corners  kindling  into  blaie  I 
To  every  land  the  messengers  of  love, 
The  Lord's  elect,  commissioned  from  above, 
Hear  the  glad  tidings ;  everywhere  they  sow 
The  seeds  of  truth,  which,  spirit-nurturetl.  grow 
To  a  rich  harvest.     From  each  center  spreads 
The  faith  thus  planted. 

**  Yet,  now  this,  now  that 
Prevails,    But  of  the  two  does  victory  wait 
Mast  frequently  on  good.     Hy  slow  degrees 
Kaiih  spreads  her  contiuests.    Over  lands  and  seas 
Is  home  the  banner  onwartl,  till  at  last 
All  nations  bow  before  it.'* 

Few  men.  of  positive  belief  and  devout  feeling,  make 
so  little  outwartl  profession  of  religion  as  did  Dr. 
Wood.  But  this  is  not  difficult  to  account  for.  Not 
only  was  he  a  man  of  much  natural  reserve,  especially 
in  regard  to  the  most  sacred  emotions  of  his  heart,  but 
this  disposition  was  promoted  by  circumstances.  Born 
into   membership  with   the   Society   of  Friends,  and 
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educated  mainly  under  its  influences,  his  formal  con- 
nection with  it  was  severed  by  his  marriage,  his  wife 
belonging  to  the  Lutheran  communion.  He  joined  no 
other  body.  Often  attending  the  meetings  of  Friends, 
and  also  not  unfrequently  accompanying  his  wife  to 
her  chosen  place  of  worship,  his  religion  was  alto- 
gether unsectarian ;  but,  for  that,  none  the  less  real 
His  Journals,  as  well  as  his  unprofessional  published 
writings,  manifest  this  clearly  and  often;  and  it  was 
well  understood  by  those  who  had  the  privilege  of  con- 
fidential intercourse  with  him.  On  one  occasion,  he 
expressed  to  a  near  relative  his  opinion,  that  the  doc- 
trine of  the  Society  of  Friends,  of  the  immediate 
and  perceptible  guidance  and  teaching  of  the  Holy 
Spirit  (acknowledged,  indeed,  in  some  manner,  by 
other  denominations,  but  held  most  definitely  and 
strongly  by  them)  affords  the  only  scientific  basis  for 
religious  belief;  since  it  gives  to  the  historical  revelation 
contained  in  the  Scriptures  a  confirmation  exactly  cor- 
responding to  that  verification  by  experiment  which  is 
the  characteristic  of  modern  science,  since  its  improve- 
ment by  means  of  the  Baconian  inductive  philosophy. 

But  we  must  hasten  towards  our  conclusion.  To  Dr. 
Wood,  better  than  to  most  men,  might  be  applied  the 
poet's  line :  yustum  et  tcftacem  propositi  virunu 

If  he  had  genius,  it  was  a  geftius  for  zoork  ;  a  rare 
<:apacity  for  continued,  indomitable,  all-conquering 
labor.  With  this,  he  became  an  eminently  successful 
man.    As  he  wrote  of  Dr,  Chapman,*   "  His   career 

*  Lectures  and  Addresses,  xst  Vol.  p.  an. 


HftrUhorneO  ^^{2  [Oct,  II, 

throughout,  from  youth  to  manhood,  from  manhood  to 
old  age,  has  been  in  the  highest  degree  prosperous 
and  flattering ;  if  the  most  kindly  regards,  general 
respect,  a  wide  social  and  professional  influence,  a 
reputation  limited  only  by  the  bounds  of  civilization, 
and  the  highest  positions  not  political  which  an  individ- 
ual can  attain  in  this  country,  may  be  considered  as 
evincive  of  prosperity  and  honour/* 

In  his  own  words,  also,  addressed,  in  1853,  to  a  class 
of  medical  students,  we  may  set  forth  the  noble  mo- 
tives which  animated  his  life : 

"  Do  not  live  solely  for  yourself.  Do  not  seek 
wealth,  station,  influence,  merely  for  your  own  personal 
gratiflcation ;  but  consider  them  as  means  for  doing 
good,  for  spreading  beneflts  around  you,  and  for  mak- 
ing an  impression  on  the  world,  which,  when  you  are 
gone  to  your  rewards,  will  cause  grateful  recollections 
to  cluster  about  your  memory,  and  your  example  to  be 
held  up  to  the  young  for  imitation  in  all  future  time.** 

So  taught,  and  so  lived,  he  whom,  in  the  full  ripening 
of  his  days,  we  have  now  lost  Truly  he  was  a 
philosopher,  in  the  old,  flrst  meaning  of  the  word :  a 
lover,  acquirer  and  promoter  of  wisdom ;  and,  with 
this,  of  goodness  also.  May  his  memory,  and  the 
influence  of  his  example,  never  pass  away  from  amongst 
us  I 
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Stated  Meeting,  October  1 6, 1880. 
Present,  12  members. 

President,  Mr.  Fralby,  in  the  Chair. 

Letters  of  envoy  were  received  from  the  Botanical  Gar- 
den at  St.  Petersburg,  and  the  Meteorological  Office  in 
London. 

Donations  for  the  Library  were  received  from  the  Botani- 
cal Garden  at  St.  Petersburg,  the  Zoologischer  Anzeiger, 
Prof.  Otto  Schmidt  of  Strasbourgh ;  the  Geographical 
Societies  of  Paris  and  Bordeaux  ;  Revue  Politique ;  London 
Nature ;  Chemists'  Journal ;  Canadian  Naturalist ;  Essex 
Institute  ;  Harvard  College  Library  ;  American  Antiquarian 
Society ;  American  Journal  of  Science ;  Franklin  Insti- 
tute ;  American  Journals  of  the  Medical  Sciences,  and  of 
Pharmacy ;  Mr.  Russell  Thayer ;  the  XJ.  S.  Coast  Survey ; 
Cincinnati  Society  of  Natural  History,  and  the  Ministerio 
de  Fomento  of  Mexico. 

A  report  of  the  Committee  on  the  Magellanic  Prize  essay 
was  called  for. 

The  death  of  Prof.  Benjamin  Pierce,  at  Cambridge,  Oct. 
6,  aged  71,  was  announced  by  the  Secretary,  who  read  a 
notice  of  the  deceased  from  the  pen  of  Thos.  Hill,  late 
President  of  Harvard  College. 

Dr.  Seidensticker  described  an  amusing  specimen  of  En- 
glish poetry, which  was  read  by  the  Secretary  at  his  request ; 
a  dedication  to  the  Chancellor  of  the  University  at  Lund, 
and  Senator  of  the  Kingdom  of  Sweden,  the  most  honorable 
Lord  Count  Charles  Gyllenborg,  Discertatio  Gradualis  de 
IHantatione  JEcclesice  Svecance  in  America^  by  Tobias  Er. 
Biorck,  Americano-Dalekarleus.  Upsalce  Literis  Werneri- 
anis,  A.  D.  1700. 

Mr.  Lesley  drew  attention  to  Dr.  P.  J.  J.  Valentini's 
very  satisfactory  investigation  of  the  probable  fabrication  of 
Landa's  Mayan  alphabet  just  published  in  the  Proceedings 
of  the  American  Antiquarian  Society  (No.  75,  page  59  et 
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3€q.\  with  the  figures  of  the  Landa  text  and  from  other 
sources. 

Mr.  Losloy  said  that  so  caroful  and  precise  a  train  of  argument  lias  sel- 
dom  beun  pursued  in  a  dltfieuU  case  of  Philology  in  dispute,  and  Dr.  VaU 
entini's  conclusion  will  probably  be  generally  accepted  that  Bishop  Landa 
obtainod  from  his  catechumens  the  best  figures  which  their  imaginations 
suggested  to  thorn  at  the  time  for  representing  the  vowels  and  consonants 
OS  he  pronounced  these  before  them  ;  therefore,  that  his  list  of  so-called 
alphabetic  figures,  being  more  or  leas  the  invention  of  the  occasion,  had  no 
scientific  or  historic  value  then,  and  cannot  now  be  used  for  deciphering 
Mayan  or  Mexican  picture-writing  in  an  alphabetic  sense. 

But  had  Dr.  Valentini  compared  Landa's  figures  with  those  of  Egypt, 
he  would  have  been  surprised  at  certtiin  resemblances  of  a  remarkably 
radical  chanicter;  although  these  probably  would  not  have  led  him  to 
abandon  his  train  of  argument  ;  as  the  rosemblances  cannot  be  oonsidered 
sufiloiently  valid  to  oblige  us  to  a  difierent  conclusion. 

It  is  nevertheless  astonishing  to  notice  that  while  Landa's^ra^  B  is,  ao* 
coniingto  Val(*ntini,  represented  by  a  foot- print,  and  that  |)aM  an d/90<-prm< 
are  pronounced  Jie  in  the  Maya  dictionary,  the  Egyptian  sign  for  B  was 
the  human  leg. 

Still  more  surpising  Is  it  that  the  H  of  Landa*s  alphabet  is  a  tie  of  cord ; 
while  the  Egyptian  II  is  a  twisted  cord.  What  connection  can  there  be 
l>etween  a  cord  and  the  aspirate?  Dr.  Valentini  explains,  that  in  the 
Dresden  codex  a  doubled-up  iH)pe  fVequently  occurs,  and  that  tyitig-up  days 
to  form  a  year  was  a  common  Mexican  chronologic-al  expression.  Ilaab  is 
Mayan  for  .v«ar;  and  Valentini  thinks  that  the  rope  symbol  for  year  was 
given  to  Landa  as  the  best  letter  Jla  which  his  pupils  could  invent  for  him 
on  the  spur  of  the  moment. 

But  the  most  striking  coincidence  of  all  occurs  in  the  coiled  or  curled  line 
representing  Landa's  U  ;  for  it  is  absolutely  identical  with  the  Egyptian 
curled  U.  The  Mayan  wonl  for  to  irintt  or  bend  is  Une ;  and  that  fact 
stitisfies  Dr.  Valentini ;  but  why  should  Egyptians,  confined  as  they  were 
to  the  Valley  of  the  Nile,  and  abhorring  as  they  did  the  sea  and  sailors, 
write  their  U  precisely  like  Landa's  alphabetic  U  in  Central  America? 
Birch  gives  ha-ti  as  the  name  of  the  Egyptian  coiled  U  and  of  th4  t0W'lin$ 
of  a  boat. 

There  is  one  other  remarkable  con  incidence  between  Landa's  and  the 
Egyptian  alphabets;  and  by  the  way,  the  English  and  other  Teutonic  dia- 
lects have  a  curious  share  in  it.  Landa's  1)  (T)  is  a  disc  with  lines  inside 
the  four  quarters,  the  allowed  M(«xican  symbol  for  day  or  $un.  So  far  as 
tlie  sound  is  concerned  the  English  day  represents  it ;  so  far  as  the  form  is 
concerned  the  Egyptian  *'cake"  ideograph  for  (1)  country,  and  (2)  the 
9un*»  orbit,  is  essentially  the  same.  The  Egyptian  name  of  the  latter  Is  read 
sen-nu,  Brugsch  gives  S^en  as  eireumference,  perifery,  the  turn  of  the 
shadow,  S^ennu  the  entourage  of  a  person,  S'na  to  make  return,  all  of 
them  with  the  circle  as  a  determinative. 
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Mr.  Lesley  described  the  results  of  a  recent  visit  to  Salt- 
ville,  in  Virjjinia^  made  by  Mr.  Henry  Carvil  Lewis^  of 
Oermantown^  on  the  suggestion  that  Tertiary  shells  might 
be  found  at  the  eastern  corner  of  the  little  plain  on  which 
the  salt  and  gypsum  works  stand. 

Mr.  Lewis  reported  that  he  had  not  only  oaro(\iny  collected  all  the 
univalves  and  bivalves  of  the  locality  but  submitted  them  for  examination 
to  Mr.  Tryon,  of  the  Academy  of  Natural  Sciences,  who  pronounced  them 
all  recent,  and  one  of  them  as  a  species  nowhere  yet  seen  except  in  the 
Houston  river,  which  flows  along  side  of  the  plain,  and  the  waters  of  which 
communicate  with  the  wells,  as  described  by  Mr.  Lesley  some  yeara  ago. 

Mr.  Lewis  had  made  a  comparative  collection  of  the  same  shells  fVom  the 
banks  of  the  Houston  and  found  the  two  suits  identloil. 

On  causing  a  number  of  pits  to  be  dug  he  was  surprised  to  find  the  sur- 
face stratum  (three  fbet  deep)  to  be  a  layer  of  these  shells,  most  of  the  uniot, 
^c,  broken,  but  the  gasteropods  whole,  mixed  with  pottery  and  embers. 
It  is  evidently  a  kitchen  trash  depotiu  •  The  shells  did  not  extend  beyond 
the  area  of  the  pottery.  The  Indians  broke  up  the  unh^lves  to  mix  with 
the  day  of  the  pottery,  but  the  gasteropods  must  have  been  used  only  for 
culinary  purposes. 

He  found  under  the  layer  of  shells  and  pottery  a  layer  of  heal  drift  day, 
several  feet  thick,  resting  on  the  red  gy|)sum  salt  muds,  which  are  seveml 
hundred  feet  deep  and  occupy  a  basin  a  mile  wide,  eroded  Hlong  an  anticlinal 
arch  of  Lower  Silurian  limestones,  the  outcrops  of  which  form  the  hill 
walls  of  the  little  enclosed  secluded  valley.  The  rocks  dip  30"^  to  80"* 
south-east ;  and  ft'om  50®  to  60°  north-westward  towards  the  Houston  river, 
outside  of  the  enclosure.  This  erosion  must  have  commenced  when  the  Ap- 
palachian continent,  crowned  by  Permian  deposits,  rose  from  the  sea  on  the 
first  construction  of  the  anticlinal  and  synclinal  ft)lds.  The  salt  clays  then 
are  probably  of  Trias  age.  That  the  gypsum  is  the  result  of  the  decom|x)> 
sition  of  the  limestone  layers  is  plainly  shown  in  the  shafl  and  tunnel 
workings  ;  and  it  is  confined  to  the  walls  of  the  basin,  against  which  the 
horizontal  salt-muds  He  uonconformably. 

Mr.  Lesley  embraced  this  occasion  to  make  some  remarks 
in  opposition  to  the  conclusions  of  Prof.  Stevenson,  express- 
ed in  his  valuable  Notes  on  South  Virginia,  read  before  this 
Society,  Aug.  20,  respecting  the  comparatively  recent  date 
of  the  great  Virginia  faults. 

Prof.  Stevenson  docs  not  positively  assert  that  the  fkultlng  has  succeeded 
the  flexing  by  a  longer  or  shorter  interval  of  geological  time,  but  ho  says  : 
"It  seems  not  wholly  improbable  that  the  faults  are  of  later  date  than  the 
disturbance  which  produced  the  comparatively  gentle  synclinal  between 
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\\  %\X>^N\N  •  ^Miiv  m\\  Uio  ninoh  rlwr;*'  and  the  whole  tone  of  his  concluding 
^sii\\^uN^^\\s*  ^^'^M'H  \\\^  \\\\\\\\^\%\\\  ihM  he  assigns  the  Appalachian  flexing 
^tN  ^Nvi^  «H.Av  Aivsl  lU^  t\^u\l«  to  another  and  laur  age.  This  wonld  be  in 
t\x"x-tN>N^!%>»v  w^U\  \\U  >x^xiwKMW  !>w|X»cU«,C  *h«  PwinsTlTmnia  antellnals  as 
>N>^'»*^^x»Ni5  •>v»s\V'  sxf  ^^1^  *N^a\  d«>)v>i^U^  j>wWii5h«d  in  hl$  Reports  oC  Progress 
\v  ^   n  n  ,S  >v  K  K  >M'  <  Uv^  5^N>«d  t WV^<*rtU  ^rxvT  vxf  FMrftsrlTaaia. 

M  ,'    ^  t*««v>  '^^'N^  <Vm  K>*  Vm\^  *u>*ly  tM"  lh<*  CWuS  MtMisatjris  of  tke  United 

•%«-««rv,'rns".  «w  '^H^^H^  xV,;?^My»A,^  aj>,^  r^f*m4uiai>>>  :«rtJir 

"^^s    Xt « <^^%v>«  >^  •s'Vi'i^  t4>v  sV  n-.N'^^';'     1%'   *itr    i3*e  :br*tif  *^iEaxitB  hl 

.-■-»-.    *    ♦»«> 

I'^,.^ —    --^«t  .«..♦  >•     .'«^^'»    *»'^»T?<.-j*'piv  «*c#*',*»xr  /  •  rsaj,    tin  .jTf-:. 
.  -,  ,.    .    -\^    ^. ..,..,  ,v  .,,    ,.,^    /,'.»«    T.'*T  »"  kr-.r.*.*.'.,t  •  t    in    li^^JS  "will. 

"••'  •'^'•*      -♦>  Ts  '-.        ^     *JtT>.   -trATr     vo;.: 
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in  America^  aud  by  a  member  of  tbia  Society^  and  published 
in  its  Proceedings.  He  remarked  on  (1)  the  extreme  sensi- 
tiveness of  the  plate,  and  (2)  on  the  extraordinary  perfection 
of  the  running  machinery  of  the  driving  clock,  which  was 
required  to  hold  the  image  steadily  upon  the  plate  for  fiftj 
minutes,  ten  minutes  being  hitherto  considered  the  maxi- 
mum. 
The  letter  is  as  follows : — 

dTl  Madison  Aysnusi  Nbw  York, 

October  9Un  1880. 
Mt  Dsah  Barker  : — 

I  iMve  succeeded  in  photographing  the  nebula  in  Orion.  It  took  an  ex- 
posure of  fifty  minutes  ^hich»  as  you  can  well  imagine,  was  a  hard  test 
for  Uie  driving  clock.  This  is  Uie  first  time  a  nebula  has  been  photo- 
graphed. I  used  the  new  Clark  triple  objective  of  11  Inches  aperture, 
mounted  on  Uie  equatorial  stand  irmade  some  years  ago.  This  olijective 
is  especially  corrected  fbr  the  photographic  ra^^. 

The  pictures  sliow  the  mottled  api^earance  of  the  bright  portion  of  the 
nebula  admirably.  It  will  t»ke  some  time  to  discuss  the  pictures  taken 
since  Sept.  30th,  as  comparisons  must  be  made  wltli  the  drawings  of  Lord 
Rosse*  Bond  and  others. 

The  importance  of  the  result  turns  on  the  fkct  that  photograv>hs  will 
show  with  certainty  any  changes  in  the  nebula  and  perhaps  enable  us  to 
determine  some  of  the  laws  ruling  these  elementary  forms  of  matter.  They 
may  indicate  the  process  of  the  genesis  of  solar  s^'stcms. 

If  it  suits  your  convenience  will  you  call  the  attention  of  the  Philosophic 
cal  Society  to  this  matter,  and  oblige 

Yours  truly, 

Hrnry  Drapkr. 

Pending  nominations  Nosu  904, 909  to  920  woi^  read. 

Mr.  Price  reported  in  behalf  of  the  Committee  that  a  dis- 
course on  the  life  and  character  of  the  late  President  of  the 
Society,  George  B.  Wood,  M.D.,  LL.B.,  was  delivered  by 
Dr.  Henry  Hartshorne,  in  the  hall  of  the  College  of  Sur- 
f^eons,  on  the  11th  instant,  and  asked  that  1000  extra  copies 
be  printed  for  circulation,  which  was  so  oixlered ;  and  the 
thanks  of  the  Society  presented  to  the  College  for  the  free 
use  of  its  it)om. 

On  motion  it  was  resolved  that  the  Curators  be  authorised 
to  permit  a  copy  to  be  made  of  Martinis  [x>rtrait  of  Franklin. 

The  ballot  boxes  being  examined  by  the  presiding  officer, 


the  following  poMona  were  declared  duly  elected  members  of 
the  Society. 

Mr.  Alvan  Olark,  of  Oambridgoport,  Ma»s. 

Mr.  Alex.  E.  Outerbridge,  of  the  U.  S  Mint. 

Mr.  Jacob  B.  Eckfeldt,  of  the  U.  S.  Mint. 

Mr.  Patterson  Dubois,  of  the  U.  S.  Mint. 

Mr.  Lewis  A.  Scott,  of  Philadelphia. 

Mr.  Cadwaladcr  Biddlo,  of  Philadelphia, 

Mr.  Thos.  II.  Dudley,  of  Camden,  N.  J. 

Mr.  Isaac  0.  Martindale,  of  Camden,  N.  J. 

Prof.  Wm.  Boyd  Dawkins,  of  Manchester,  Eng. 

Dr.  Daniel  Dra^ier,  Ph.D.,  of  New  York  City. 

And  the  meeting  was  adjourned. 


Stated  Meeting^  Nov,  5, 1880. 
Present,  11  members. 

President,  Mr.  Fraley,  in  the  Chair. 

Letters  accepting  membei*ship  were  received  from  Mr., 
*  Alexander  E.  Outorbridge,  Jr.,  dated  U.  S.  Mint,  Oct.  26  ; 
Mr.  Jacob  B.  Eckfeldt,  dated  IT.  S.  Mint,  Oct.  28 ;  Mr.  Pat- 
terson  Dubois,  dated  U.  S.  Mint,  Oct.  19 ;  Mr.  Lewis  A, 
Scott,  dated  1806  Locust  street,  Philadelphia,  Oct.  19  ;  Mr. 
Cadwaladcr  Biddle,  dated  1420  Walnut  street,  Philadelphia^ 
Nov.  4  ;  Mr.  Isaac  C.  Martindale,  dated  Camden,  N.  J.,  Oct. 
10  ;  Prof.  Wm.  Boyd  Dawkitis,  dated  Boston,  Mass.,  Oct.  21 ; 
and  Dr.  Daniel  Drai)er,  dated  Meteomlogical  Observatory^ 
Central  Park,  N.  Y.,  Oot.  19. 

Letters  of  acknowledgment  were  received  from  the 
Soci6t6  Royale,Ui«al  (99-108  inclusive;  List  of  Members, and 
Catalogue,  Part  III) ;  Soci^t^  Ilollandaise,  TIarlem  (104) ;  K. 
B.  Akademie,  Munich  (102,  108);  Naturforchende  Qesell- 
schaft,  Froiburg  in  Baden  (102, 108) ;  Soci6t6  des  Sciences 
Physiques  et  Naturelles,  Bonleuux  (96,  98-104  inclusive) ; 
and  the  Royal  Society,  Edinburgh  (105). 
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Letters  of  envoy  were  received  from  the  Societe  Royale^ 
Upsal,  dated  Nov.  1879 ;  Fondation  Teyler,  and  the  Societe 
HoUandaise,  Mai,  1880.  Harlem ;  Physicalische  Gesell- 
Bchaft,  Berlin,  July  20  ;  Schweizerische  Gesellschaft,  Bern ; 
Royal  Irish  Academy,  Dublin,  Aug.  1880  ;  and  the  Depart- 
ment of  the  Interior,  Washington,  Oct.  27, 1880. 

A  letter  of  envoy  containing  a  request  for  exchange  of 
publications  was  received  from  the  Societ6  Zoologique  et 
Botanique  de  Finlande,  dated  Helsingfors,  June,  1880. 

On  motion  the  name  of  this  Society  was  placied  on  the  List 
of  Correspondents  to  receive  the  Proceedings. 

Donations  for  the  Library  were  received  from  the  Acade- 
mies at  St.  Petersburg,  Munich,  Philadelphia  and  St.  Louis  ^ 
the  Observatories  at  St.  Petersburg,  TJpsal,  Vienna,  Munich 
and  Turin ;  the  Royal  Society,  XJpsal ;  k.k.  Geologischer 
Reichsanstalt,  k.k.  Geographische  Gesellschaft,  and  Anthro- 
pologische  Gesellschaft,  Vienna;  Geologische  Gesellschaft, 
Berlin ;  Herrn  F.  Sandberger ;  Editors  of  the  Fortschritte  der 
Physic,  Berlin,  and  the  Zoologischer  Anzeiger,  Leipsig  ;  So- 
cieties at  TJlm, Bremen,  Bern,Freiburg  i  B.,  the  Hague,  Harlem 
and  Lille;  Museum  Teyler,  Harlem ;  Societ6d' Anthropologic, 
Ecole  Polytechnique  and  Revue  Politique,  Paris ;  Soci6t6  de 
Geographic  Oommerciale,  and  Societe  des  Sciences  Physiques 
et  Naturelles,  Bordeaux  ;  Royal  Geographical  Society,  Geo- 
logical Society,  Zoological  Society,  Nature,  and  the  Chemists^ 
Journal,  London ;  Natural  History  Society,  and  Mr.  Samuel 
H.  Scudder,  Boston ;  Museum  of  Comparative  Zoology, 
Cambridge  ;  R.  I.  Historical  Society,  Providence ;  American 
Journal,  New  Haven ;  Mr.  Isaac  C.  Martindale,  Camden, 
N.  J. ;  Medical  News,  Journal  of  Pharmacy,  Mr.  Henry 
Oarvill  Lewis,  and  Mr.  Henry  Phillips,  Jr.,  Philadelphia ; 
U.  8.  Department  of  the  Interior,  Washington ;  American 
Antiquaries,  Chicago ;  Oriental  and  Biblical  Journal,  Clin- 
ton ;  National  Museum,  and  Ministerio  de  Fomento, 
Mexico;  and  the  Societe  Zoologique  et  Botanique  de  Fin- 
lande, Helsingfors. 

The  Committee  to  whom  was  referred  the  consideration 
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of  the  olaira  for  the  MagcUauio  Premium  presented  a  report^ 
which  was  ordered  to  lie  over  for  oonsideratioti  at  the  first 
stated  meeting  in  December  next. 

An  obituary  notice  of  the  late  Dn  John  Neill,  prepared  by 
Dr,  Itrinton  at  the  request  of  the  Society,  was  read  by  Dr. 
Horn. 

The  death  of  Mr.  Peter  McCall,  a  member  of  the  Society, 
at  Ovorbrook,  Oct.  80,  in  his  78d  year,  was  announced  by 
Mr.  Henry  Phillips,  Jr.,  who,  on  motion  of  Mr.  E.  K.  Price, 
was  appointed  to  preimre  a  notice  of  the  deceased. 

Dr.  llorn  presented  two  communications  for  publication 
in  the  Proceedings : 

1.  Critical  notes  on  the  species  of  SeUnophorus  of  the 
United  States. 

2.  A  review  of  tho  sjv}oies  Anisodactt/ltts  inhabiting  the 
United  States. 

Mr.  Chase  offered  a  list  of  his  pa^^ors  published  by  the  So- 
ciety. 

Mr.  Lesley  exhibited  some  recently  executed  works  of  the 
Geological  Survey : 

1.  A  printed  sheet  of  oil  well  sections  and  profile  colored 
to  show  the  thinning  away  of  the  Catskill  formation,  &c., 
north-westward  along  the  valley  of  the  West  Branch  Sustjue- 
hanna  river,  above  Lock  Haven,  by  Mr  H.  M.  Chance ; 

2.  A  hand-colored  printed  map  of  the  Philadelphia  belt, 
by  Mr.  C.  R  Hall ; 

8.  A  MS.  map  of  part  of  the  Mahanoy  and  Shenandoah 
anthracite  basins  in  Schuylkill  county,  showing  the  struc- 
ture  of  the  Mammoth  bod  by  contour  lines,  by  Mr.  Chas.  A. 
Ashburner  and  Mr.  Arthur  Shetifer. 

Pending  nominations  Noa.  909,  920,  and  new  nominations 
Noa.  921,  922  wore  road. 

Mr.  Fmley  reported  that  he  had  rooeivod  and  paid  over  to 
tho  Ti^oasuror,  $181.28,  being  tho  last  quarterly  payment  on 
the  Michaux  Legacy,  due  Ot*t.  1, 1880. 

Mr.  Fraley  informed  the  Society  that  a  petition  for  a  new 
tmnacription,  called  for  by  the  French  Minister  of  .Finance, 
had  been  duly  executed  and  forwarded  to  Paris,  and  that 
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the  Minister  of  Finance  had  authorized  a  new  transcription 
on  the  books  of  the  office  at  Paris. 

Mr.  Briggs  addressed  the  Society,  urging  some  action  for 
applying  the  Magellanic  funds  to  the  rewarding  of  discov- 
erers and  inventora  who  did  not  apply  for  the  premium. 

Mr.  Fralcy  thereupon  gave  o  short  history  of  the  original 
bequest,  the  accumulation  of  the  extra  fund,  the  legal  opinion 
of  Mr.  Horace  Binney  respecting  its  use,  its  application  by 
the  Society  to  publication,  the  establishment  of  the  extra- 
Magellanic  premium,  the  publication  of  other  premiums, 
and  the  appointment  of  a  committee  on  premiums  at  large. 

On  motion  it  was 

Besolwd,  That  tho  Btmrd  of  Officers  and  Members  in  Council  bo  re- 
quested to  take  into  considemtion  tlie  present  regulations  in  regard  to  Uie 
award  of  the  Magellanic  Premium,  and  to  report,  if  they  may  deem  any 
change  expedient,  such  modifications  as  may  lead  to  the  awarding  of  said 
Premium  for  objects  of  scientific  discovery  mentioned  in  the  original  dona- 
tion. 

And  the  meeting  was  adjourned. 


Obituary  Xo(iC4  of  Dr.  John  Neill     By  Dr.  Brinion. 
{Bead  hffort  the  Atneriean  Philosophical  Soeitty,  liov.  5,  1880.) 

Among  the  numerous  surgeons  of  distinction  who  have  given  lustre  to 
medical  science  in  Philadelphia,  Ihe  late  Dr.  Neill  deservedly  stood  in  the 
ttoni  mnk.  Ho  came  of  a  n\ce  of  physicians,  his  father  and  both  his  pa* 
ternal  and  maternal  grandfathers  having  been  members  of  that  profession. 
He  was  born  in  Philadelphiti,  July  9th,  1810,  and  received  both  his  aca- 
demic and  medical  degrees  fVom  the  University  of  Ponnsylvanijv.  the  latter  in 
1887.  The  whole  of  his  subsequent  life  was  passed  In  this  city,  where  he 
soon  acquired  large  surgical  and  general  practice.  At  various  periods  he 
occupied  prominent  positions  In  relationship  to  his  profession.  It  will  be 
sufficient  to  mention  the  leading  ones  of  these.  As  early  as  1845  he  was 
ap)X)lnted  Demonstrator  of  Anatomy  In  the  University  of  Pennsylvania, 
and  thirty  years  later,  Professor  of  Clinical  Surgery  In  the  same  institu- 
tion. For  several  years  after  1864,  he  was  Professor  of  General  Surgery  in  the 
medical  department  of  Pennsylvania  College,  an  educational  organisation 
not  now  in  existence.  At  various  epochs  he  was  surgeon  to  the  Pennsyl> 
vania  Hospital,  to  the  Philadelphia  Hospital,  to  Wills  Hospital,  and  Con- 
sulting Surgeon  to  the  Presbyterian  Hospital. 

During  the  war  of  the  Rebellion,  especially  in  its  earlier  years,  he  was 
actively  engaged  in  rendering  prt)f('8sional  services  to  the  wnmnded  soldiaij. 
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In  the  summer  of  1901  he  waa  apix^lnttH)  hy  the  Qenera)  Cl<>v«riimenl  to 
eatAblish  army  hcv^pltnla  In  thU  city,  mu!  the  Ar»t  oight  organixeil  and  c«>n* 
struoted  her«  won?  put  In  worklu))^  onler  undor  hU  9U(H^rvU\on.  At  the 
hel^utht  of  the  ct>nHU%  when  the  S^nithom  f^trces  hu^tultHl  thU  State,  he  was 
ap)>olntei)  Medli'al  Dirwtor  of  the  mlUtIa  and  oinerjitnu*y  tro<H>^  ^>f  th« 
Suite.  In  (\i)flUln^«  the  dutte«  of  this  otHoe^  he  x^miji  at  Oett>*ahurg  after  thti 
battle,  taking  care  of  the  womided,  and  e$tab)Ulked  a  hi^pltal  at  OarU»l«, 
and  also  those  at  Ha^>rstown,  Md« 

Dr.  Nelll  was  a  writer  as  well  as  a  praclUloner*  Ills  contributions  to 
literature  wore  prlnci|>aUy,  If  not  exclusively,  contlned  to  subjects  rt^latUif 
to  meiilcal  and  surgical  science,  and  were  usually  In  the  form  of  articles  In 
medical  pcrUxlicals.  Ho  Is  known  as  the  author  of  seveml  anatomical 
works  trtnUlng  of  the  arteries,  veins  and  nerves,  and  also  of  the  surgical 
and  anatomical  tK>rtlons  of  a  very  )H>|nilar  work  fl>r  students,  entitled  **  A 
TomiKnidlum  of  Modlcitl  Science/'  published  alH>ut  twenty  Ave  years  agK>. 


Pjf  (^*f)i*^  ir  Horn,  M.D. 
{Rfad  b^for^  thif  Am^rt^aik  PMhiophiiUil  Si^(fi4tjf,  AVf,  \  185lO») 

It  Is  difHcuU  to  understand  why  this  gimus  bus  (itisseil  alnu>st  entirely 
neglected,  antl  why  so  much  confusion  and  ct>nsetiuent  synonymy  pre>*all| 
when  a  short  study  will  demonstn\te  how  ejislly  the  species  may  be 
groujHH!  and  each  sej^arateil  from  the  other  by  sharply  detlniHl  structural 
characters* 

The  division  of  the  gtMUis  Into  three  subgenera  by  the  form  of  the  ante- 
rior tibial  spur  is  long  known,  but  the  characters  which  (bllow  seem  ^>t  thd 
most  tmrt  to  have  entirely  esca|KHl  notice.  The  tlrst  of  these,  taken  Hrom 
the  structure  of  the  )Hv»terior  tarsus,  and  the  length  of  the  Arst  joint  as 
comt>artHl  with  the  next  two,  needs  no  further  explanation. 

The  presence  of  two  or  one  setlgermis  puncture  on  eiich  side  of  the  clyp- 
ous  near  the  anterior  margin  Is  a  character  of  very  great  lm(K>rtance  and 
may  be  used  elsewhort>  in  the  Oarabldio  in  the  set)anUion  of  smaller  grotti>s 
of  8)H«cles  in  the  manner  indicated  in  the  accomtvuiying  table. 

The  structure  of  the  underside  of  the  male  tarsi  is  also  very  usefdl  here. 
It  afVords  a  means  of  supplementing  any  character  which  im^y  be  drawu 
frt)m  the  two  sexes  together,  se|>aniting  very  sharply  si^ecles  which  api^ear 
8U|HM'flcially  cUwely  allied. 

In  the  dilaUttHn  and  ji«ri('<j>ti.4  grou))a  I  have  l)een  unable  to  distinguish  any 
true  dorsal  punctuns  In  all  the  other  sikk^Ios  the  dorsal  punciuro  Is  dis* 
tinct  and  will  be  found  at  the  (posterior  thinl  of  the  elytra  on  or  very  close 
to  the  second  stria. 

All  the  8i>ccles  have  the  spui%  of  the  )K)sterior  tlbhe  slender  and  rather 
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long,  in  one,  however  (immanU),  the  spurs  are  apparently  more  closely 
approximated  at  base,  and  are  broad*  slightly  foliaceous  at  the  sides  and 
obtuse  at  tip. 

Characters  of  minor  importance  will  be  found  under  the  various  group 
headings. 

Having,  by  means  of  the  characters  above  indicated,  approximated  those 
hitherto  recognized  species  which  seemed  closely  related,  numerous  forms 
have  been  found  which  have  ref\ised  to  be  sejiarated,  especially  near  riMti- 
eus  and  paroius,  I  have  accordingly  placed  these  as  synonyms,  and  in 
defence  of  that  course  will  state,  that  the  mass  of  material  which  I  have 
had  before  me  f^m  my  own  and  Dr.  LeConte*s  cabinet  fUlly  warrants  such 
a  procedure. 

In  the  bibliography,  which  will  be  found  at  the  end  of  the  paper,  I  have 
marked  those  species  with  an  asterisk  (*)  of  which  I  liave  seen  types  or 
specimens  compared  directly  therewith. 

The  following  is  the  table  of  groups  : 

Terminal  spur  of  anterior  tibiffi  tritid A. 

Terminal  spur  of  anterior  tibise  dilated  at  middle B. 

Terminal  spur  of  anterior  tibia  slender • .  •  •  •  •€. 

A.  Posterior  tarsi  sliglitly  flattened,  shorter  than  the  tibiae,  the  first  joint 

very  little  longer  than  the  second.    Hairy  species A — a 

Posterior  tarsi  slender,  as  long  as  the  tibioB,  the  first  joint  nearly  as  long 
as  the  next  two  together.    Glabrous  species A — ^b 

B.  Posterior  tarsi  slender,  equal  to  the  tibise,  first  joint  long  ;  first  joint  of 

middle  tarsus  (^  pubescent  at  tip.    Black  species B— a 

Posterior  tarsi  flattened,  first  joint  short ;  first  joint  of  middle  tarsus  (^ 
glabrous  beneath.    Species  bi  colored  or  metallic B— b 

C.  Elytra  with  distinct  dorsal  puncture,  first  joint  of  middle  tarsus  ^T 

glabrous  beneath  or  with  a  very  small  pubescent  space.     Elytra  smooth, 

surfkce  more  or  less  metallic C — a 

Elytra  without  dorsal  puncture,  first  joint  of  middle  tarsus  ^^  pubescent 
over  half  its  surface.  Elytra  densely  punotulate,  surface  black,  sub- 
opaque,  and  finely  pul)e8cent C — ^b 

Group  A — a  is  peculiar  to  the  Pacific  region,  C — b  to  the  Atlantic,  the 
other  groups  contain  s()ecies  from  both  sides  of  the  continent. 

A — a  has  been  called  Dichirus:  A — b,  Tripl$ctru$;  B — a,  B — b,  An%30^ 
dactylua;  C — a,  Haplocentrui, 

A — a,  dilatatui  Group. 

Species  more  or  less  hairy.  Terminal  spur  of  anterior  tibia  cf  $  trifid . 
Posterior  tarsi  slightly  flattened,  the  first  joint  very  little  longer  than  the 
second,  the  fourth  feebly  emarginate.  Elytra  striate,  feebly  sinuate  at  tip, 
the  intervals  biseriately  puncttite,  dorstil  puncture  not  distinct. 

Male.  Anterior  tarsi  broadly  dilated,  the  first  four  joints  pubescent  be- 
neath, middle  tarsi  less  dilated,  pubescent  or  not. 


Horn.]  164  [Nov.5v 

F^tmale.  Anterior  and  middle  tarsi  slightly  broader  than  the  posterior^ 
not  pubos<!ont  beneath. 

In  con8e(iuencu  of  the  hairy  head,  It  Is  dlfflcuU  lo  determine  the  number 
of  clypoal  scaigorous  punctures.  The  flrst  two  species  below  have  two 
certlilnly,  and  piceus  but  one. 

The  species  of  this  group  are  as  follows  : 

Thorax  very  distinctly  narrowed  behind,  the  sides  arcuate. 
Hind  angles  of  thorax  obtuse.    Intervals   of  elytra  very  irregularly 
blseriately  punctulate.    Middle  tarsi  cT  not  pubescent  beneath. 
Posterior  and  middle  tiblro  ^f^  coarsely  tuberculate  externally.    Sides 

of  thorax  beneath  impunctate 1 .  atrenaua  Horn. 

TlbloD  splnulose  externally.  Thorax  beneath  punctate.. 2.  dllatatua  De|. 

Hind  anglcR  of  thorax  distinct.    Intervals  of  elytra  very  regularly  and 

closely  blseriately  punctulate.    Middle  t^rsl  ^-^   with  joints  2 — 4 

pubescent  beneath. 

Spurs  of  hind  tlbhe  slender  and  acute. 

Hairs  of  surface  short  and  erect.    Thorax  beneath  with  few  obso* 

lete  coarse  punctures 8.  obtuaua  Leo. 

Hairs  of  surface  long  and  scarcely  erect.  Thorax  beneath  with  num- 
erous coarse  and  deep  punctures 4.  pUosuii  n.  sp. 

Spurs  of  hind  tlbhe  short,  broad  and  dilated  at  tip,  R.  Immania,  n.  sp. 

Hind  angles  of  thorax  sharply  rectangular 6.  bnumeua  DeJ. 

Thorax  sctircely  narrower  at  base,  sides  feebly  arcuate,  hind  angles  ob- 
tuso.  Cly|)ous  with  one  setigerous  puncture  on  each  side.  Middle 
tarsi  (^  pubescent  beneath.    Feebly  pubescent 7.  pioous  Men^t. 

1.  A.  atrenuua  Horn.  Our  largest  species,  easily  known  in  the  group 
by  Its  more  robust  and  convex  form  and  by  the  under  side  of  the  thomx 
being  opaque  and  Impunctured.  The  niidsUe  and  posterior  tlbioe  in  the 
male  are  roughly  tuberculate  *on  the  outer  margin.  I  have  not  seen  the 
female.    Length  .00  inch  ;  15  mm. 

Two  specimens  ;  Fort  Tejon,  California, 

2.  A.  dUatatua  DoJ.  With  this  species  I  unite  Jiirmtus,  It  is  much 
more  depressed  than  the  preceding  species  and  the  elytral  Intervals  feebly 
convex.  The  middle  and  posterior  tibhB  are  simply  splnulose  externally, 
and  the  under  side  of  the  thorax  sparsely  obsoletely  punctate.  The  punc- 
tures of  the  elytml  Intervals  aro  coarse  and  very  irregularly  disiH)sed. 
Length  .83 — .44  Inch  ;  8 — 11  mm. 

Occurs  nearly  everywhere  In  Oullfornia. 

8.  A,  obtuaus  Loc.  Similar  in  form  to  dilataUHt  but  smaller  and  with 
the  hind  angles  of  the  thomx  quite  distinct  but  not  prominent,  and  the 
disc  more  densely  punctured.  Tiio  underside  of  thorax  has  but  few  coarse 
punctun^s  and  these  not  deep.  The  hairs  of  the  surAice  are  short  and  erect, 
those  of  the  elytm  arising  fk'om  the  interstitial  punctures  which  are  very 
regularly  and  densely  placed.  The  middle  tarsi  of  the  male  have  the  throe 
intermediate  Joints  pubescent  beneath.    Length  .80  Inch  ;  7.5  mm. 

Occurs  at  San  Jose,  California. 
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4.  A.  piloaui,  n.  sp.  Form  rHtUer  narrow,  elongate,  plceous,  feebly 
shining,  pubescent,  legs  rufous.  Head  very  coarsely  and  deeply  punctured 
and  witli  long  hairs,  dyfteus  with  two  larger  setlgerous  punctures  on  each 
side.  Thorax  a  Utile  wider  than  long,  narrowed  l)ehind,  sides  arcuate 
anteriorly,  oblique  posteriorly,  hind  angles  distinct  but  not  prominent, 
base  slightly  arcuate  on  each  side,  disc  moderately  convex,  coarsely  and 
deeply  punctured,  the  punctures  rogularly  placed,  surfkce  with  moderately 
long  hairs.  Elytra  a  little  wider  than  tlie  thorax,  oblong,  sides  very 
slightly  arcuate,  surface  finely  striate,  intervals  flat  and  regularly  biseri- 
ately  closely  punctate,  each  puncture  with  a  rather  long  semi-erect  hair. 
Thorax  beneath  very  coarsely  and  deeply  punctate,  metasternum  at  sides 
iXMtrsely  punctate,  abdomen  at  sides  more  sparsely  punctulate.  Length  .28 
inch  ;  7  mm. 

This  species  is  much  more  slender  in  form  than  Muin$,  aiid  difiers  also 
in  Uie  longer  hairs  of  the  surface  and  the  sculpture  of  the  thorax  beneath. 
Sexual  characters  as  in  obtu$u$. 

Occurs  in  the  Sim  Joaquin  Valley,  California.    (Bldthnor.) 

5.  A.  tmmanls,  n.  sp.  Oblong,  depressed,  piceous,  t>ebl3*  sliining,  pu^ 
boscent,  legs  rufous.  Head  coarsely  but  not  deeply  punctate,  with  sliort 
«rect  hairs,  dypeus  with  one  setlgerous  puncture  on  each  side.  Thorax 
broader  than  long,  narrowed  posteriorly,  sides  in  fVont  arcuate,  posteriorly 
oblique,  hind  angles  distinct  but  not  prominent^  base  on  each  side  slightly 
arcuate,  disc  feebly  convex,  coarsely  but  not  deeply  punctate,  surfkce  with 
▼ery  short  erect  hairs.  Elytra  wider  than  the  thorax,  oblong  oval,  sides 
slightly  arcuate,  surfkce  finely  striate,  intervals  flat  and  rather  finely  and 
^osely  biseriately  punctulate,  with  very  short  erect  hairs.  Thorax  be* 
neath  with  a  fbw  coarse  punctures  in  fh>nt  Metasternum  at  sides  and 
itbdomen  s|)arsely  punctulate.  Hind  tibi«e  with  short,  broad,  spathuliform 
terminal  spurs.    Length  .34  inch ;  8.5  mm. 

I  have  seen  but  two  females  of  this  s|>ecies,  w*hich  bears  considerable  re> 
semblance  to  obiunM^  difiering  in  the  structure  of  tlie  iiosterior  tibial  spurs. 
This  character  is  so  remarkable  and  unexpected  in  this  genus  that  I  would 
have  passed  the  si>ecimens  as  probable  monstrosities,  but  the  structure  pre* 
cisely  agrees  in  the  hind  tibiie  of  both  specimens. 

Two  specimens ;  San  Joaquin  Valley,  California  (Bltithner). 

6.  A.  bmnneiui  DeJ.  Resembles  piceus  In  form  but  smaller,  with  the 
bind  angles  of  the  thorax  rectangular  and  slightly  prominent.  I  have 
never  seen  any  si^eclmen  which  agrees  with  tlie  description  excepting  the 
type  of  DctJean  in  Chaudoir*s  collection.  I  have,  however,  in  my  cabinet 
mn  immature  s))ecimen  which  agrees  with  my  recollection  of  that  ty|ie,  but 
which  proves  to  be  a  Harpalus  by  the  biseriately  papillose  tarsi.  As  the 
D<jean  type  is  a  female,  a  renewed  examination  is  necessary  to  prove  its 
generic  position. 

7.  A  piovos  Men^t  In  this  species  the  thorax  Is  very  little  narrowed 
behind,  the  posterior  angles  obtuse.    The  dypeus  has  but  one  setlgerous 
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puncture  on  each  side.  The  punctures  of  the  elytral  intervals  are  rather 
irregularly  placed  and  are  usually  closer  on  the  inner  side  of  the  interval 
than*  the  outer.    Length  .86  inch  ;  9  mm. 

This  is  the  most  common  species  of  the  Pacific  coast,  occurring  from 
Alaska  to  the  Peninsula  of  California  and  the  islands  adjacent,  it  extendi 
inland  to  Idaho  and  Utah. 

A — b,  rustieus  Group. 

Species  oblong  or  somewhat  oval,  glabrous,  surface  usually  opaque» 
rarely  shining  {dulcicoUis)  or  metallic  (harpaloidea).  Terminal  spur  of 
anterior  tibiae  J^  9  trifid.  Posterior  tarsi  slender,  as  long-as  the  tibise,  the 
first  joint  as  long  as  the  next  two,  .the  fourth  joint  emarginate.  Elytra 
striate,  intervals  impunctate,  a  distinct  dorsal  puncture,  tip  distinctly 
sinuate. 

Male.  Anterior  tarsi  broadly  dilated,  the  first  four  joints  densely  pu- 
bescent beneath,  middle  tarsi  dilated  joints  2 — 3—4  densely  pubescent,  the 
first  with  a  small  pubescent  space  at  tip  (except  in  harpaloides  where 
there  is  no  pubescense). 

Female,  Anterior  and  middle  tarsi  not  dilated  (except  in  harpaloides 
and  opaculus  where  the  first  joint  is  broader  and  stouter). 

The  clypeus  on  each  side  has  but  one  setigerous  puncture,  except  in  car- 
bonarius  where  there  are  two. 

The  dilatation  of  the  first  joint  of  the  anterior  tarsus  of  the  female  is  not 
a  character  of  great  value.  It  is  well  marked  in  the  two  above  mentioned, 
but  less  in  the  second  than  in  the  first.  In  dulcicollis  also  a  slight  thicken- 
ing may  be  observed. 

The  species  of  this  group  are  distinguished  in  the  following  manner  : 

Clypeus  with  one  setigerous  puncture  on  each  side,  prosternum  at  middle 
smooth,  not  pubescent. 
Surface  shining. 
Surface  with  metallic  lustre,  aeneous,  legs  and  antennae  pale. 

8.  harpaloides  Fert^. 

Surface  black,  shining,  legs  black 9.  dulcicollis  Fert^. 

Surface  opaque,  very  distinctly  alutaceous. 
Form  elongate  parallel,  thorax  not  narrowed  in  front,  widest  near  the 

middle 10.  opacolTis  Lee. 

Form  more  or  less  oval,  thorax  narrowed  from  base  to  apex,  widest  at 

base 11.  msticiis  Say. 

Clypeus  with  two  setigerous  punctures  on  each  side,  prosternum  at  middle 
punctured  and  pubescent. 
Surface  opaque,   form  elongate,  thorax  nearly  as  wide  at  apex  as  at 
base 12.  carbonarins  Say. 

8.  A.  harpaloides  Fert^.  An  oblong  species,  shining,  with  greenish  or 
bluish  metallic  surface  lustre.  The  clypeus  has  but  one  setigerous 
puncture  on  each  ^de.    Thorax  as  wide  at  base  as  apex,  the  sides  feebly 
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arcuate.  Elytra  oblong*  )>araUel  or  with  the  sides  feebly  arcuate,  surface 
striate,  intervals  smooth  and  flat»  a  dorstvl  puncture  in  tlio  usual  i)osition. 
The  body  beneath  is  smooth.  Legs  and  antennio  rufous.  Length  .36^ 
.40  inch  ;  9^10  mm. 

The  maU  has  the  anterior  tarsi  dilated,  the  first  Joint  much  less  so  than 
the  otliers  and  without  pubescence  beneath,  the  three  following  Joints  are 
normally  pubescent ;  middle  tarsi  less  dilated,  first  Joint  glabrous,  next 
three  pubescent.  In  the  fetnale  the  first  Joint  of  the  anterior  tarsus  is 
ratlier  broadly  dilateil  and  thickened,  slightly  prolonged  under  the  sc(M>nd 
Joint,  not  pubescent  l)eneath,  Joints  2 — 5  slender ;  middle  tarsi  slender. 

The  resemblance  of  this  species  to  IlarpalM  amputatm  is  worthy  of  men* 
tion,  they  are  almost  undisjtingulshablo  by  su))erficlal  com^mrison.  It  is 
remarkable  also  that  the  first  Joint  of  the  anterior  tt\rsus  of  the  male  should 
l)e  so  feebly  dilated  and  that  of  the  female  so  much  so. 

Occurs  in  the  Gulf  States. 

0.  A*  duloiooUla  Ferti^.  Form  somewhat  o>'al,  black,  shining,  legs 
piceous.  Thorax  broader  at  base  than  ajx^x  and  as  wide  as  the  elytra,  sides 
moilerately  arcuate,  hind  angles  obtuse,  Ikistil  Impressions  nKxlertite  and 
with  very  ftjw  punctures.  Elytra  oval,  sides  moilemtely  atx^uate,  surface 
striate,  intervals  smooth,  slightly  convex,  dorsal  punotuiH)  distinct.  Bixly 
beneath  smooth,  shining.     Length  .44  Inch  ;  11  mm. 

The  anterior  tarsus  of  the  mt$le  is  normally  dilated,  the  first  Joint  pubes> 
cent  beneath,  the  middle  tarsi  nearly  (\s  bit>adly  dilated,  the  first  Joint  pu< 
bescent  at  tip. 

In  the  female  the  tarsi  are  slender,  the  first  Joint  of  the  anterior  Is  how- 
ever  somewhat  stouter  than  in  tmtkm.  The  elytra  are  less  shining  than 
in  the  male. 

Occurs  In  the  Gulf  States  and  Missouri. 

10.  A.  opaoulus  Lee.  Elongate  oval,  subparallel,  black,  oimquo. 
Thorax  not  wider  at  base  than  apex,  sides  feebly  arcuate,  hind  angles  ob- 
tuse, bast\l  imprassions  feeble,  surface  impunrtate.  Elytra  oblong,  sides 
feebly  arcuate,  surface  finely  striate,  intervals  fiat,  at  apex  3—5-^7  with  a 
few  feebly  impressed  punctures,  dorsiU  punctures  normal.  BiKly  benetith 
smooth,  shining,  legs  piceous.    Length  .44  Inch  ;  11  mm. 

The  mah  sexual  characters  are  as  In  dHloieoUii,  The  characters  of  the 
female  are  also  similar  but  the  first  Joint  of  the  anterior  tarsus  is  a  little 
stouter  but  much  less  so  than  In  hai^paloidi*$. 

Having  seen  a  typlctil  s|>eclmen  of  flong*Uu$  Chaud.,  I  have  no  hesita- 
tion in  placing  It  with  the  pit>sent  species,  the  dltforences  given  by  that 
autlior  are  certainly  more  of  an  IndlvldmU  chanvcter  than  of  a  s()eclfic 
nature. 

Occurs  in  Texas. 

11.  A.  niattoiui  Say.  With  this  sv>ecles  I  unite  not  only  those  already 
suppressed  by  Dr.  LeOonte  (List  p.  Id)  but  also  w«rt4^l  Germ,  and  haph- 
mu$  Chaud.    The  accumulation  of  large  numl)ers  of  specimens  shows 
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tliein  to  l>o  inseparable.  Chaudolr  proix>so8  to  so|>arato  theso  forms  by 
their  dontato  or  simple  humori,  fnerula  and  pingui%  wltli  dentate  humeri, 
and  ntiticm  and  haplomm  with  simple  humeri.  These  characters  are  not 
by  any  means  as  constant  as  could  be  desired.  It  Is  true  tliat  forms  can  be 
selected  typifying  about  four  s))ecles.  but  the  vast  mass  of  the  speoimens 
would  occupy  the  Intermediate  ground.  Localfty  also  has  but  little  to  do 
with  the  variation  exc<>pt  that  the  form  usually  called  merula  apiH)ar8  to  be 
peculiar  to  the  Southeastern  States.  Length  very  variable  .86— .56  Inch  ; 
9 — 14  mm. 

The  male  has  the  flrst  four  joints  of  the  anterior  tarsi  dilated  and  pubes- 
cent beneath,  the  middle  tarsi  are  nearly  as  widely  dilated,  the  first  joint 
very  feebly  pubescent  at  tip  only.  In  the  fenialt  liie  anterior  tarsi  are 
slightly  broader  than  the  middle,  the  tlrst  joint  not  stouter. 

Occurs  everywhere  In  the  Atlantic  region  east  of  the  Uoclty  Mountains, 

Id.  A.  owrbonarlua  Say.  Form  oblong,  black,  feebly  shining  J^  or 
opaque  9*  Clypeus  with  two  setlgerous  punctures  on  each  side.  Thorax 
broader  at  base  than  ai)ex,  sides  feebly  arcuate,  hind  angles  obtuse,  base 
truncate,  side  margin  depressed,  broadly  near  the  base,  base  externally  and 
side  margin  punctulate,  distinctly  J^,  obsoletely  v^ .  Klytra  oblong,  sides 
nwirly  |mrallel  cf ,  or  slightly  arcuate  9»  surface  finely  striate,  intervals 
slightly  convex  ^^jf^  or  flat  V«  Hody  beneath  smooth,  shining,  Prosternum 
punctured  and  with  erect  halra,  Intercoxal  prt)cess  coarsely  puncttite. 
Length  .53  inch  ;  IS  mm. 

In  the  male  the  anterior  and  middle  tarsi  are  dilated  and  pubescent 
l)eneath,  the  flrst  joint  of  the  middle  pubescent  over  half  Its  surfkce.  In 
i\\o  female  the  characters  are  as  In  ru9tieu$. 

Occurs  IVom  the  Middle  States  to  Colorado. 

B— a,  nigrita  Group, 

Species  oblong,  sur&ce  either  shining  or  opaque,  glabrous.  Terminal 
spur  of  anterior  tlbi»  ^J^  9  dilated  at  middle.  Posterior  tarsi  slender, 
nearly  as  long  as  the  tlblas  the  flrst  joint  nearly  as  long  as  the  next  two 
together,  the  fourth  joint  feebly  emarglnate.  Elytra  striate,  often  very 
finely,  intervals  rarely  punctulate,  tip  distinctly  sinuate,  second  stria  with 
a  distinct  dorsal  puncture. 

Male.  Anterior  tarsi  broadly  dilated,  the  first  four  joints  densely  pu* 
bescent  beneath,  middle  tarsus  nearly  as  widely  dilated,  the  first  joint  pu* 
bescent  at  tip  only,  the  next  three  densely  pubescent  over  their  entire  sur> 
fiice. 

Ffmale,  Anterior  and  middle  tarsi  slender  or  very  feebly  broader,  not 
pubescent  beneath. 

The  clypeus  may  have  one  or  two  setlgerous  punctures  on  each  side,  the 
number  of  species  In  the  first  series  being  greater  than  the  second.  Those 
with  one  puncture  A>Ilow  natun\lly  after  the  ruitteun  group. 
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The  species  are  as  follows : 

Cl3*peu8  ou  each  side  with  one  setigorous  puncture. 
Surface  opaque,  elytn\  feebly  striate,  especially  at  tip. 
Hind  angles  of  thorax  obtuse,  sides  I'egularly  arcuate,  base  as  wide  as 

the  elytnx 18.  fannit  Lee. 

Hind  angles  ofthomx  sharply  rectangular,  sides  of  thorax  slightly  ar- 
cuate iK)stcriorly,  base  narrower  Uian  the  elytra  (Pacific  coast 
species). 
Intorcoxal  process  and  middle  of  second  abdominal  segment  punc- 
tured, punctures  with  short  8eta\    Metiisternum  in  f^nt  and 
behind  punctured. 
Thorax   feebly   narrowed   posteriorly,   basal   Impressions   very 
feeble,  surface  entirely  punctured. . .  .14.  temlpunotatui  Lee. 
Intercoxal  process  and  metasternum  smooth. 
Thorax  with  broad  but  very  shallow  basal  impressions.    Elytra 

broad,  sides  distinctly  arcuate 15.  oonaobrinut  Lee. 

Thorax  with  rather  deep  linear  impressions,  Elytra  nearly  )>araK 

lei 10.  oalifornlout  DeJ. 

Surface  shining  in  both  sexes,  elytra  more  deeply  striate. 
Elytral  intervals  feebly  convex,  quite  distinctly  but  sparsely  punctu> 
late,  elytra  oblong,  sides  nearly  parallel,  surface  feebly  shining. 

17.  interpunotatui  Kby. 
Elytral  intervals  convex,  smooth,  elytra  oval,  sides  arcuate,  surface 

shining ;  form  more  robust. 18.  agrlooU  Say. 

Clypeus  on  each  side  with  two  setigerous  punctures. 
Hind  angles  of  thorax  obtuse. 
Side  margin  of  thorax  very  distinctly  depressed  and  with  the  base 

punctulate , 10.  Banriail  Lee. 

Side  margin  of  thorax  scarcely  depressed 20.  nlgorrimui  DeJ. 

Hind  angles  of  thorax  distinct,  nearly  rectangular, 
Elytral  intervals  distinctly  but  si)t\rsely  punctulate,  sides  of  elytra 

nearly  straight,  subimrallel 21.  nlgrita  DeJ. 

Elytral  intervals  smooth,  shining,  sides  of  elytra  distinctly  arcuate, 
form  more  robust. 23.  melanopus  Hald. 

To  this  group  belongs  A*  $ignatu$  Illig.,  of  Europe  and  Asia.  It  resem- 
bles 9emipunetntu$  Lee,  and  has  but  one  setigerous  puncture  on  each  side 
of  the  ciypeus.  The  intercoxal  process  is  smooth.  It  dilfers  fVom  any  of 
the  species  of  the  group  by  the  first  Joint  of  the  middle  tarsus  of  the  male 
having  no  pubescence  beneath. 

18*  A  fturvua  Lee.  Oblong  oval,  black,  o^mque.  Clyi)eus  with  one 
setigerous  puncture  each  side.  Thorax  very  little  wider  at  base  than  at 
apex,  sides  feebly  arcuate,  hind  angles  obtuse,  side  margin  feebly  depressed, 
surfiice  smooth  at  middle,  finely  punctured  at  base  and  sides.  Elytra  finely 
striate,  intervals  flat,  dorsal  puncture  normal,  surface  opaque,  more  so  In  9 . 
Body  beneath  smooth,  shining.    Length  .44— .50  inch  ;  11—12.6  mm. 

PROC.  AMBR.  PIIILOS.  SOC  XIX.  107.  V.      PUIKTED  NQVRMUKU  27,  1B80. 
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In  the  male  the  anterior  tarsi  have  the  fli'st  four  Joints  dilated  and  pubes- 
cent beneatl),  the  middle  nearly  as  wide,  the  flret  joint  pubescent  at  tip 
only,  the  following  three  densely  pubescent. 

The  female  has  the  tarsi  without  pubescence,  the  anterior  a  little  broader 
than  the  middle. 

This  species  resembles  some  of  the  forms  of  rusticus,  but  the  group  char- 
acters readily  distinguish  it. 

Occurs  fVom  Georgia  to  Louisiana. 

14.  A.  Bomipunotatus  Lee.  Form  oblong,  moilcrately  robust,  black, 
subopaque.  Clypeus  with  one  setigerous  puncture  each  side.  Thorax 
broad,  slightly  narrowed  behind,  sides  feebly  arcuate,  hind  angles  rec- 
tangular but  not  prominent,  side  margin  narrowl}'  depressed,  surface  punc- 
tulate,  more  densely  at  sides  and  base.  Elytra  a  little  wider  than  the 
thorax,  finely  striate,  intervals  flat  and  very  obsoletely  punctulate  on  the 
disc,  distinctly  punctate  at  tip,  doi^sal  puncture  normal.  Metasternum 
at  side  obsoletely  punctured,  in  fVont  and  behind  also,  the  first  ventral  seg- 
ment and  prosteruum  with  fine  punctures  bearing  short  setie.  Length  .50 
inch  ;  12.5  mm. 

.   The  sexual  characters  are  as  in  farvus, 

A*  9imilis  Lee.  and  puncticollU  Chaud.  are  the  same.  The  first  ot  these 
names  is  somewhat  older  than  that  which  I  adopt  and  has  been  rejected  in 
favor  of  a  more  expressive  name,  no  injustice  being  done  to  the  original 
author. 

15.  A.  oonaobrinus  Leo.  Similar  to  the  preceding  but  with  the  thorax 
more  narrowed  behind  and  the  hind  angles  sharply  rectangular ;  the  basal 
impressions  are  vague  and  very  shallow.  The  elytra  are  similar,  but 
without  obsolete  punctures  on  the  intervals  and  the  sides  are  more  arcuate. 
The  Ixxly  beneath  is  smooth.     Length  .80  inch  ;  12.5  mm. 

The  sexual  characters  as  infurviia. 

Occurs  in  California  in  the  middle  and  southern  portions. 

16.  A.  oaUfomlout  DeJ.  Resembles  the  preceding  but  the  form  is  more 
slender  and  the  thorax  less  broad  with  the  hind  angles  less  prominent ;  tho 
basal  impressions  are  much  deeper  and  more  sharply  defined  and  the  sur- 
face much  less  densely  punctulate.  The  body  beneath  is  smooth.  Length 
.50  inch  ;  12.5  mm. 

While  in  the  two  preceding  species  the  sexes  are  nearly  equally  oimque, 
here  the  male  is  decidedly  more  shining. 
Sexual  characters  as  in  furvutt. 
Occurs  in  Oregon,  California  and  Nevada. 

17.  A.  Interpunotatus  Kby.  Oblong,  black,  shining  (slightly  opaque 
9).  Head  sparsely,  finely  punctulate,  clypeus  with  one  puncture  on  each 
side.  Tliomx  much  broader  than  long,  base  and  apex  equal,  sides  fbebly 
arcuate,  margin  narrowly  depressed,  hind  angles  rectangular  not  promi- 
nent, basal  impressions  moderately  deep,  disc  moderately  convex,  very 
sparsely  punctulate  at  middle,  more  densely  along  the  base  and  side.    Ely- 
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tra  oblong)  sides  nearly  parallel,  moderately  deeply  strlate»  Intervals  feebly 
convex  and  sparsely  oltsoletely  punctalate.  Body  beneath  smooth.  Length 
.48  _.50  incli ;  Id— Id. 5  mm. 

Sexual  characters  as  in  /Urf  m«.  The  female  is  much  less  shining  than 
Uie  male  and  the  fine  punctuation  of  Uie  intervals  much  less  distinct. 

This  is  the  species  which  has  heretofore  borne  the  name  nigriUi  and  fhr 
which  Chaudoir  suggested  the  name  LmoiU4L  The  Kirbyan  description 
will  lit  equally  well  either  to  the  present  s(>ecics  or  the  true  fiiyn'tft  and  I 
prefer  to  adopt  the  above  name  rather  than  suggest  a  new  one. 

Occurs  In  Pennsylvania,  Vancouver  and  Canada  (Kirby). 

18.  A.  agriooU  Say.  Form  oblong,  moderately  robust,  black,  shining. 
Thorax  broad,  base  and  apex  equal,  sides  moderately  arcuate,  hind  angles 
rectangular,  not  prominent,  margin  narrowly  depressed,  basal  impressions 
well  defined,  linear,  disc  convex,  surface  smooth  with  few  punctures  along 
the  base  and  margin.  Elytra  slightly  oval,  striie  deep,  intervals  moderate- 
ly convex,  smooth  and  impunctureil.  Body  beneath  smooth.  Length 
,44 — .56  inch  ;  11 — 14  mm. 

Sexual  characters  as  in  fkivrus. 

This  is  the  most  robust  and  convex  s|)ecies  of  the  present  group. 

Occurs  in  Missouri,  Kanas  and  Georgia. 

19.  A.  Haniaii  Lee.  Oblong  oval,  black,  shining.  Clypeus  with  two 
setigerous  punctures  each  side.  Tliorax  moderately  broad,  sides  regularly 
arcuate,  widest  at  middle,  hind  angles  very  obtuse,  side  margin  depressed 
more  widely  behind,  disc  moderately  convex,  median  line  distinct,  basal 
impressions  shallow,  basal  region  and  depresseil  margin  punctulate.  Ely> 
tra  moderately  deeply  striate,  intervals  slightly  convex,  smooth.  Body 
beneath  smooth,  a  few  punctures  on  the  intercoxal  process  of  the  abdomen 
and  on  the  fh)nt  and  i)osterior  portions  of  the  metasteruuni.  Length  .44 — 
.48  inch;  ll--13mm. 

Sexual  characters  as  in/ureu^. 

Occurs  fVom  Newfoundland  to  Pennsylvania. 

3(K  A.  oigenimus  D^.  Tltorax  moderately  convex,  side  margin  very 
slightly  depressed  at  middle  and  not  at  all  at  the  basal  angles,  the  basal  im« 
pressions  are  feeble,  slmllow  and  but  little  punctulate.  The  other  charac- 
ters are  those  of  the  preceding  species.    Length  .44  inch  ;  11  mm. 

Sexual  characters  as  infumus. 

Occurs  in  the  New  England  and  Middle  States. 

21.  A  nisrita  DeJ .  Tlie  descript ion  already  given  of  intsrputietntm  applies 
80  exactly  to  this  that  I  find  no  differences  except,  that  in  the  present 
species  there  are  two  clypeal  punctui^es  on  each  side  while  in  that  there  is 
but  one.    Length  .50  inch  ;  1'3.5  mm. 

Sexual  characters  as  in  f^irtu^. 

The  determination  of  the  present  fbrm  as  the  true  ni^riUi  Dt^*  (iM«r- 
pmntiatH$X  Lee.)  is  made  fVom  a  specimen  compared  by  Chaudoir  with 
Demean 's  types. 

Occurs  in  the  New  England  and  Middle  States, 
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23.  A.  mtlanopus  Hald.  As  the  preceding  species  is  parallel  with  inter* 
puncUtHB  so  is  the  present  with  agrkola,  Tlie  differences,  other  than  those 
drawn  fVom  the  clyi>eus,  are  hardly  of  sufficient  moment  to  be  considered 
specific,  and  It  is  worthy  of  note  that  the  present  and  preceding  species 
differ  fVom  each  other  in  the  same  manner  as  do  17  and  18.  Length  ,59— 
.56  inch  \  18—14  mm. 

Occurs  in  Pennsylvania  and  Illinois. 

B— b,  discoidfut  Group. 

Species  oblong,  surface  sliining  (at  least  in  (J-),  either  glabrous  or  with 
very  fine  pubescence,  varial)le  in  color  and  lustre.  Terminal  spur  of  an- 
terior tibite  dilated  at  middle.  Posterior  Uirsi  slightly  flattened,  shorter 
than  the  tibite,  the  first  Joint  but  little  longer  than  the  second,  the  fourth 
emarginate.  £lytn\  striate,  tip  sinuate,  intervals  either  smooth  or  puuctu- 
late  alternately,  dorsal  puncture  distinct. 

Male,  Anterior  tarsi  brotuUy  dilated,  the  first  four  Joints  pubescent  be* 
neath.  Middle  tarsi  feebly  dilated,  first  Joint  glabrous,  the  next  three  feebly 
pubescent. 

FBmale,  Anterior  and  middle  tarsi  not  dilated  nor  pubescent  beneath. 
Surface  usually  less  shining. 

All  the  species  of  this  group  have  two  setigerous  punctures  on  each  side 
of  the  cly|)eus,  except  nivalis.  In  all,  the  basal  impressions  of  the  thorax 
are  well  marked. 

The  species  are  as  follows  : 
Clypeus  with  one  setigerous  puncture  on  each  side. 
Color  variable,  elytra  9  sul)opaque  and  often  ferruginous  with  discal 

piceous  space.    Intervals  impunotate 38.  nivalis,  n.  sp. 

Clypeus  with  two  setigerous  punctures  on  oacli  side. 
Intervals  of  elytra  impunctate,  elytra  in  part  at  least  and  legs  testaceous. 

Thorax  piceous,  testaceous  at  the  sides 24.  diaooideus  DeJ. 

Tliorax  entirely  piceous 35.  baltimorensii  Say. 

Intervals  of  elytra  alternately  punctulate. 

Punctulate  near  the  apex  only 26.  pityohroui  Lee 

Punctulate  their  entire  length 27.  p  orotui  Motsch. 

28.  A.  nivalis,  n.  sp.  Form  oblong,  moderately  elongate,  piceous,  elytra 
variable,  eitlier  piceous  or  brownisli-testaceous,  with  a  darker  discal  space, 
and  subopaque  9>  Head  nearly  smooth,  clypeus  with  one  setigerous 
puncture  each  side.  Thorax  broader  than  long,  narrowed  behind,  sides 
arcuate  in  firont,  sinuate  i)ostoriorly,  liind  angles  obtusely  recti\ngular,  disc 
moderately  convex,  median  line  distinct,  basal  impressions  short,  deeply 
impressed  and  pifnctured.  Elytra  wider  than  the  thorax,  sides  subpaiullel 
cf  or  slightly  arcuate  $,  apex  feebly  sinuate,  moderately  deeply  striate, 
intervals  flat,  surface  shining  (f  or  subopaque  9 ,  dorsal  puncture  normal. 
Body  beneath  smooth,  flrst  ventral  segment  punctured  at  middle.  Legs 
piceous.    Length  .r6~.44  inch  ;  0—11  mm. 
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In  Ihe  maU  the  first  four  Joints  of  the  anterior  tarsi  are  dilated  (the  first 
Joint  rather  feebly)  and  pubesot^it  Iteneath,  middle  tarsi  loss  dilated,  the 
first  Joint  not  pubescent*  the  next  throe  pul>escent.  In  the  fem^U  the  an« 
terior  and  middle  tarsi  are  slightly  dilated  but  not  pubescent  beneatli. 

The  males  are  usually  entirely  plceous  In  color,  while  in  the  fbmales  the 
elytra  are  brownish-testaceous  with  a  larj^,  darker  dlscal  space.  There 
are  however  exceptions  In  both  sexes.  This  si>eoles  htis  heretofore  been 
oonsidereil  a  variety  of  piVyoAroM4«  but  beside  the  clypmU  seUi),  the  present 
species  difi!ers  in  the  absence  of  punctures  on  the  alternate  Intervals  near 
the  tip,  and  the  entlrt^  al)sence  of  any  metallic  surface  lustre. 

Occurs  in  Nevada,  northern  California,  Oregt)n  and  Vancouver. 

S4«  A.  diaooideus  DcJ.  Form  oblong,  mmlenxtoly  elongate,  plceous» 
sides  of  thorax  and  elytra  and  legs  testaceous.  Head  plceous,  olypeus  with 
two  s«etlgeix>us  punctures  on  e«\ch  side.  Thomx  very  little  wider  than 
long,  narrowed  at  l)ase^  sides  arcuate  in  fh>nt,  sinuate  |)ostorlorly,  hind 
angles  sharply  rectiUigular,  side  margin  very  narrowly  depressinl,  dlso 
moderately  convex,  smooth,  punctured  along  tlie  base,  basal  Impi^essions 
short  and  deep,  £lytm  wider  than  the  thonvx,  rather  deeply  striate, 
intervals  slightly  convex  and  smooth.  Boily  Iteneath  smooth,  Intercoxal 
process  slightly  punctulate.     Length  .44  Inch  ;  tl  mm. 

The  anterior  tarsi  of  the  tmih  are  not  bixxidly  dilated  tuid  the  first  Joint  luv» 
very  little  pubescence  at  tip,  the  middle  tarsi  are  rather  slender,  the  first 
Joint  glabrous,  the  next  three  feebly  pubojjcent.  In  the  f^inak  the  anter« 
ior  and  middle  tarsi  are  scarcely  broader  than  the  iH>sterior. 

Occurs  fh>m  Pennsylvania  to  Missouri. 

35.  A.  baltlmorenalA  S{\y.  Plceous,  legs  and  elytra  imle,  the  latter  with 
darker  dlscal  cloud.  Form  and  geneml  chan\ctei*s  of  (fi.tO(^iMdu.^  but  more 
depressed  and  less  shining.     Length  .80— .40  Inch  ;  9—10  mm. 

The  anterior  and  middle  tiirsl  of  the  mtfe  are  more  broadly  dilated, 
otherwise  the  sexual  chan^ctei's  are  as  In  dmoiiUu^. 

I  adopt  or  mther  reuun  S^iy's  name  for  this  species  In  preftsrenco  to  the 
older  one  of  Fabrlcius.  I  can  see  no  advantage  In  I'espectlng  priority  in  a 
case  of  this  kind,  as  the  older  name  carries  with  It  an  eri^oneous  locality. 

Occurs  nearly  everywhere  In  the  Atlantic  ixjglon. 

dO.  A.  pityohrous  Lee.  Form  of  the  preceding,  but  a  little  more  con- 
vex, with  the  surfiice  \n\rylng  fh)m  violaceous  to  greenish,  the  geneml  color 
piceous.  Thorax  similar  in  form  to  baltiffiorenaM  but  less  broixd,  a  little 
more  convex  and  usually  less  punctured  at  l)(\se.  Klytra  also  similar  In 
fbrm  but  more  parallel,  the  strirafino,  the  intervals  fiat  and  at  aiH\K  d — 4  -0 
are  distinctly  punctured.  Body  beneath  and  legs  plceous.  Length  .34 — 
•38  inch  ;  8.5 — 9.5  mm. 

Sexual  characters  as  In  6<tUimdiYiM^i. 

Closely  related  to  the  next  species,  but  dltfei^  in  the  punctuation  of  the 
elytral  intervals  and  by  the  smooth  head  and  absence  of  coiirse  punctures 
ftom  the  apex  of  the  thorax. 

Occurs  ftom  Colorado  westward  to  California  and  Oregon. 
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87.  A,porcMro«  Motsch.  Form  ot  balHmonfui^,  pioeous,  surfkoe  with 
maUlUc  lustre  varying  (torn  violaceoua  to  groon.  Hoad  ci^arsely  punctured 
above  the  eyes.  Tliorax  usually  cotirsely  puuctureil  along  the  basal  and 
aploal  margins,  the  hind  angles  rectangular,  usually  prominent.  Blytra 
strongly  sinuate  at  apex,  the  strUv  fine,  the  alternate  Intervals  usually  more 
convex  and  Impuuctured,  the  fiat  intervals  (d~4  -0)  punctured  fh>m  base 
to  apex.     Length  .80— ,43  inch  ;  9—10.5  mm. 

Sexual  characters  as  in  balUmortmii, 

It  will  be  observed  in  this  species,  that  those  forms  in  whlcli  the  elytral 
intervals  are  docidodly  alternating  In  (x>nvexity  are  fVMuales.  The  punotu* 
ation  of  the  flatter  Intervals  varies  tt^mx  very  fine  to  rather  coarse,  while 
there  aro  s|>ecimens  in  which  the  convex  intervals  are  punctulate,  but  less 
than  tlie  fiat  ones.  By  this  explanation  it  will  be  easy  to  account  for  the 
numerous  synonyms. 

In  recently  collected  S|M>cimens  the  fine  punctures  of  the  fiat  intervals 
bear  short  hairs. 

I  have  placed  ILu^pahfi  aUernanB  Motsch,  as  a  probable  synonym,  and  I 
would  have  adopted  this  name  for  the  s()ecies  had  I  been  absolutely  certain 
of  the  correctness  of  this  course. 

Occurs  fhmi  New  MexicH)  to  Oregon,  following  the  distribution  already 
noticed  In  many  other  8|K'oies. 

C— a,  amaroides  Grtnip, 

Species  slightly  oval,  iimara-like,  surface  glabrous  and  variously  colored, 
usually  with  slight  metallic  lustre.  Terminal  spur  of  anterior  tlbiie  slen* 
der.  I\)8terlor  tarsi  variable.  Klytra  sinuate  at  tip,  striate,  dorsal  punc- 
ture distinct. 

Malt.  Anterior  tarsi  n\ther  broadly  dilated,  the  first  four  Joints  densely 
pubescent  beneath.  Middle  tarsi  less  dilated,  the  tint  Joint  entirely  glabrous 
in  Ci>fnn$  or  with  slight  pubescence  at  tip  In  the  other  two  species,  the 
next  thrt»e  Joints  pubescent  beneath. 

/'limattf.  Tarsi  slender  not  pubescent  beneath.  £lytm  less  shining  than 
the  nmle. 

There  is  but  one  setigerous  puncture  on  each  side  of  the  olypeus  In  this 
group. 

Tlie  species  are  as  follows  : 
Posterior  ttirsi  slender,  the  first  Joint  fViUy  equal  to  the  next  two.    Metas* 
ternum  at  sides  and  intercoxal  process  smooth* 
Thonuc  scarcely  wider  at  base  than  aj^ex.    First  Joint  of  middle  tarsus 

J^  glabrous  beneath.    Spooies  oblong ,98.  Uetua  OeJ. 

Thon^x  broader  at  base,  as  wide 'as  the  elytra.    First  Joint  of  middle 

tarsus  (^^  pubescent  at  tip.     S{>ecles  oval. 90.  ooenua  S(\y. 

Posterior  tarsi  distinctly  flattened,  the  first  Joint  shorter  than  the  next  two. 
Metasternum  at  sides  and  intercoxal  process  punctate. 
Sides  of  thorax  behind  nearly  )>anUlel,  hind  angles  rectangular.    Middle 
tarsus  of  male  with  first  Joint  very  slightly  pubescH)nt  at  tip, 

80,  amarotdM  Lee. 
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88.  A.  Uetui  DeJ.  Oblong,  mcxlerately  elongate,  parallel,  piceous  with 
aeneous  metallic  surface  lustre,  narrow  margin  of  thorax  and  elytra  and  legs 
testaceous.  Head  smooth,  clypous  with  one  setlgcrous  puncture  on  each 
side.  Thorax  broader  than  long,  sides  regularly  arcuate,  hind  angles  dis- 
tinct, base  a  little  wider  than  apex,  margin  narrowly  depressed  and  pale, 
disc  slightly  convex  with  few  punctures  near  the  base,  basiU  impressions 
distinct  but  feeble.  Elytra  rather  broadly  striate,  intervals  flat,  smooth, 
more  shining  in  the  male,  apex  feebly  sinuate,  side  margin  narrowly  and 
epipleurro  pale.  Body  beneath  smooth,  shining,  piceous,  abdomen  somewhat 
paler.    Length  .83 — .84  inch  ;  8—8.5  mm. 

The  male  has  the  anterior  tarsi  father  broadly  dilated,  the  first  four  Joints 
pubescent  beneath,  the  first  at  tip  only,  middle  Uvrsl  feebly  dilated,  the  first 
Joint  with  a  small  pubescent  »\m\cq  at  tip,  the  next  tliroe  fUUy  pubescent. 

In  the  female  the  tarsi  arc  all  slender. 

Occure  in  southern  New  Jersey,  Georgia  and  Texas, 

39.  A.  ooenus  Say.  Oval,  form  of  ru«<touj>,  piceous,  moderately  shining, 
surface  with  feeble  metallic  lustre.  Head  smooth.  Thorax  broad,  nar- 
rowed in  fhont,  sides  moderately  arcuate,  hind  angles  rectangular,  side 
margin  very  narrowly  depressed  in  fmnt,  more  widely  posteriorly,  disc 
moderately  convex,  btisal  impressions  broad  and  shallow  and  sparsely  punc- 
tulate.  Elytra  striate,  intervals  Aat.  smooth,  more  shining  in  the  male, 
apex  feebly  sinuate,  epipleurte  usually  paler.  Body  l)oneath  smooth, 
piceous.    Femora  piceous,  tibia?  and  tai'si  pnler.    Length  .82  inch  ;  8  mm. 

Sexual  characters  as  in  laetm,  except  that  the  first  joint  of  middle  tarsi  of 
male  is  entirely  glabrous  beneath. 

Occurs  in  the  Middle  States  region. 

80.  A.  amaroides  Lee.  Oblong  oval,  piceous,  modomtely  shining,  sur- 
face with  feeble  metallic  lustre,  violaceous  to  greenish.  Head  smooth. 
Thorax  broader  than  long,  narrower  at  apex,  sides  in  frimt  moderately 
arcuate,  pt)8teriorly  straight,  ^mrallel,  hind  angles  sharply  rectangular, 
margin  narrowly  depressed,  more  widely  posteriorly,  disc  moderately 
coarsely  sparsely  punctulate  in  H'out,  more  densely  at  base,  basal  impres- 
sions moderately  deep.  £1ytn\  striate,  intervals  fiat,  smooth,  more  shining 
in  the  male,  apex  distinctly  sinuate.  Body  beneath  piceous.  Intercoxal 
process  and  sides  of  metasternum  punctate.  Legs  piceous.  Length  .86— 
.46  inch  ;  0 — 11.5  mm. 

The  sexual  character  are  as  in  laetu»t  the  first  Joint  of  middle  tarsi  (J^ 
having  a  very  small  trace  of  pubescence  at  tip. 

Occurs  in  California  in  the  central  valley. 

C — b.  seru^eut  Group. 

Species  oblong,  black,  opaque,  densely  punctulate,  finely  pubescent. 
Terminal  spur  of  anterior  tibia}  slender.  Posterior  tarsi  slender,  nearly 
as  long  as  the  tlbite,  the  first  Joint  as  long  as  the  next  two.  Elytra  sinuate 
at  tip,  striate  but  without  distinct  dorsal  puncture. 
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Ar<t/#.  Antorior  taral  dilated,  tho  flrat  fuur  Joints  densely  pubosoent 
bonotUh.  Middle  Ural  dilatoii,  tho  Arst  Joint  pubeacent  over  Its  entire  sun 
Uiw,  tho  next  tlut^e  densely  pulioscont. 

J*htMU.    Tarsi  slender,  not  pul>oscont  l>onoAth. 

The  oly|)eus  has  but  one  setigortms  puncture  on  each  side, 

Ono  s(>ecies  i>ccur8  in  our  fkuna  : 
Thorax  as  wide  at  baso  as  apex,  hind  angles  rt>undod»  intervals  of  olytm 
alternately  with  coarser  punctures,  irregularly  placed.    Femora  black, 
tibiio  and  tarsi  |>ale 81.  ■erioeui  Ilarr. 

81.  A,  terioeus  Harris.  Oblong,  blaok,  opaque.  Head  sparsely  punc- 
tate. Antennas  rufous.  Thonw  bixxuler  than  long,  apex  and  baso  equal, 
sides  regularly  arcuate,  hind  angles  rounded,  disc  feebly  ci>nvex,  surfaco 
8|wrsely  puncU\te,  more  densely  at  base  and  near  the  sides.  Elytra  striate, 
intervals  slightly  convex,  densely  punctulale,  each  puncture  with  a  short 
hair,  apex  sinuate,  the  alternate  Intervals  with  ctmi'ser  obsolete  punctures. 
Bo<ly  beneath  black,  optvque.  Femora  piceous,  libitD  and  tarsi  pale. 
Length  .40  inch  ;  10  mm. 

Tho  anterior  and  middle  tarsi  of  the  maU  are  dilated,  tho  first  (bur  Joints 
pulH>soont,  the  first  Joint  over  nearly  its  entire  surfiice.  In  tho  female  thoso 
tarsi  are  slender. 

Oanada  and  Middle  States  to  Nobntska. 

In  addition  to  the  species  described  in  the  foregoing  piiges  tho  following 
lias  l)oen  described  : 

Dirhirui  pallidM  Motsch.  Klongatus,  )mn\llelus,  imllidus;  capite, 
thomce  elytrorumque  medio  infltsc^Uis  ;  mandibulis  robustis  ;  thorace  sub* 
quadmto,  {Hwtlce  angusUUo,  anguUs  i>ostlois  obtusis  ;  elytris  thorace  duplo 
longioribus,  striatis,  inteitttltiis  impunctatls :  pedibus  ciUatls.  Long  ^  lin. 
— lat.  1  lin. 

In  addition  the  following  characters  are  given  : 

There  is  no  puiictuation  nor  pubcsoonce  on  the  upper  side  of  tho  body. 
The  thon^x  is  squaix^  narrowed  behind,  tho  surface  transversely  ruguloso. 
On  each  side  of  tho  base  is  a  rounded  shallow  lmpi*ession. 

These  chan\ctors  seem  to  indicate  that  tho  species  is  not  a  i)^AiW* 
(group  A— i\)  but  that  it  is  prolmbly  more  closely  allied  to  and  iH>ssibly 
merely  an  immature  form  of  A,  pi\yehroHs  Loc. 

It  occurs  in  California. 

Synonymy  and  DinLioaRAPitY. 

A.  ttrenuus  Horn,  ^Tmns.  Am.  Knt.  8oo.,  1808,  p.  l:lO. 

A.  dllatatui  DeJ.,  Species  iv,  p.  d4t. 

AiVmi^rM  Men.,  Hull.  Ac.  Petmp.,  ii,  1844,  p.  01. 
A.  obtustti  Loc.,*  Ann.  Lye,  v,  p.  18/^. 
A.  pilotut,  n.  sp.* 
A.  immiuiia,  n.  sp.* 
A.  brunnetui  DeJ.,*  Species  iv,  p.  980. 
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A.  pioeua*  Mon.,  Bull.  Aoui.  Petn>p.,  n,  1844»  p.  61. 
btunfuus  X  Mann.»  Bull.  Mosc,  1348,  li,  p.  212. 
«t{(ottM  Mot8.»  Bull.  Mosc,  1845,  iv,  p.  344. 
irrfgufaris  Mots.,  loc,  cit.,  p.  845. 
paraMui  Lee,*  Ann.  Lye,  v.  p.  184. 

A.  harpaloidM  Fert6,  Ann.  Eut.  Soc.  Fr.,  1841,  p.  $08* 

A.  duloioolUs  Fert^,*  Rev.  ZiH>].,  1841,  p.  44. 
€llipti€H9  Lee,*  Ann.  Lye,  Iv,  p.  284. 

A.  opaoulut  Lee.,*  New  Species,  1868,  p.  16. 

«{(>njr<if*««Chaud.,*Rev.  Mag.  Zool,  1868,  p.  18.  * 

A.  nifttiout  8ay,  Titans.  Am.  Phil.  Soc.,  11,  p.  33;  Lee.  Ann.  Lye.  iv,  p.  284. 
tmtii  Dej ,»  Sixties  iv,  p.  158. 

m$rnla  Germ.,  Ins.  8i>ec.  nov.,  p.  24 ;  DoJ.  Species,  iv,  p.  155, 
pinguid  Lee,*  Ann.  Lye,  iv,  p.  282. 
cr<i9$m  Lee,*  loe  cit.,  p.  282. 
graridm  Lee,*  loe  cit.,  p.  283. 
hifphmui  Chaml.,*  Uev.  Mag.  ZixiK,  1808,  p.  13. 

A.  oarbonariut  Say,  Trans.  Am.  Philos.  Soe,  ii,  p.  32. 
lueiHosui  Dej.,  Siwcles  Iv,  p.  151. 
rufipfnnii  Lee,*  Ann.  Lye,  iv,  p.  281. 

A.  fannis  Lee,*  New  Si>eoiea,  1863,  p.  14. 

A.  Mmipunotatui  Loe,*  Pn>e  Acad.,  1859,  p.  83. 
«tmi7i>  Lee,*  Ann.  Lye,  v,  p.  183. 
ptt»r/iivititi>  Clmmi.,*  Uov.  Mag.  Zool.,  1868,  p.  11. 

A.  oonaobrinut  Lee,*  Ann.  Lye,  v,  p.  183. 
brtmeoHu  Lee.*  h>c,  cit, 

A.  oalifornicus  Oej.,*  Sinoles  iv,  p.  148. 
eottfmiM  Lee.*  Ann.  Lye,  v,  p.  183. 

A.  Interpunotatus  Kby.,  Fauna.  Bor.  Am.,  iv,  p.  42,  pi.  7,  I)g  8. 
mgrita  X  Lee,*  Ann.  Lye,  iv,  p.  270  ;  New  Species.  1863,  p.  15, 
lAcont4i  I  Chaud.,  Rev.  Mag.  Zool.,  1868,  p.  11. 

A.  «gri<>o^  ^y  >  Trans.  Am.  Philos.  Soe,  ii,  p.  33% 
paradoxiM  Hald.,*  Proe  Acad.,  i,  p.  302. 
MtrMtiM  Lee.,*  Ann.  Lye,  iv,  p.  280. 

A.  Barrisii  Lee,*  New  Slides,  1868.  p.  14. 

A.  Digerrimut  Dej.,*  S[>ecies  v,  p.  842. 

laiieolUa  Kby.,  Fauna  Bor.  Am.,  Jv,  p.  43. 
punetulatua  Lee,*  New  Species,  1863,  p.  14. 

A.  nierita  DeJ.,*  Species,  iv,  p.  140. 

int4rpHnttatu$  X  Lee,*  Ann.  Lye,  iv,  p.  279. 
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A,  OMla&opus  HaM.,^  Proc,  Acad..  i«  p.  SOS. 
agrieoia  %  Lee,,*  Ann.  Lye,  ir,  p.  379, 

A,  nivalin,  n.  sp.^ 

A,  diaooideus  Dej.,^  Siiecics  ▼,  p.  B31. 

A,  balttmorenaia  Say,  Trans.  Am.  Phllos.  Soc,  ii,  p,  88  ;  D(j.  Sp.  ir,  p.  189. 
Snnrto-CrfWjt  Fab.»  Ent  Syst  8upp1.»  p.  58;  Schaum.  SteU.  Zeila., 
1W7,  p.  47. 

A,  pltyohrous  Lee,*  Proc,  Acad.,  1861,  p.  889. 

A,  poroaua  Motach.,  Bull.  Mosc.,  184S,  iv,  p.  844. 
9\Ab\mi9  Mot6ch.,«  Bull.  Mosc,  1850,  ili,  p.  188. 
thalc€U9  Leo.,*  Col.,  Kansas,  1859,  p.  2. 
alUrfvan*  Lee.,*  Ann.  Lye,  v,  p.  184. 
f^iridtAc^iu  Lee*  Pn>o.  Acad.,  1801,  p.  389. 
rmU4  Lee.,*  New  S|)Ccios,  1868,  p.  15. 
L^onUi  Harold,  Gatalogus,  p.  '^56. 
f  aiternam  Mots.  (HarpalM),  Bull.  Mosc,  1845,  iv,  p.  848. 

A.  laetua  DoJ.,*  8i>ocics,  iv,  p.  154. 

A  ooenua  Say,  Trans.  Am.  Philos.  Soc,  11,  p.  84 ;  Dej.  Si>ocles,  Iv,  p.  158. 
»ul>mMUi  Lcc,,*  Ann.  Lye,  Iv,  p.  285, 
obieurus  Lee,*  lt>c.  clt,  p.  286. 

A.  unaroidM  Loe,*  Ann.  Lye,  v,  p.  184. 

A  serioeua  Ilarr.,*  N.  E.  Farmer,  1828,  p.  177. 
ftmoratus  Dej..  SjKJcies,  Iv,  p.  224. 

A  (Diehirun)  palUdui  Mots.,  Bull.  Mose,  1859,  lit,  p.  187.  Unknown  to  me. 

Species  marked  ♦  are  those  of  which  I  have  studied  the  type  or  a  siM>oi- 
men  carof\illy  com|>ared  therewith. 


Critieol  not^is  on  the  Speeiet  of  Sblknopuorus  of  Oi^  United  8t<i(4$.    Bjt 

George  //.  llornt  AT.  D. 

(Read  btfore  the  American  Philosophical  Societfft  iVVf.  5<A,  1880.) 

Without  wishing  at  the  present  time  to  discuss  the  question  of  the  valid* 
ity  of  Selenophorus  t\s  a  genus  distinct  from  Harimlus,  I  will  only  state 
that  no  chartictors  have  yet  been  given  which  are  permanent  in  all  the 
species.  Nevertheless  it  seems  to  ho  at  lei\st  a  well  defined  group  in  which 
there  are  three  series  of  punctures  or  foveoUe  situated  on  the  second,  fifth 
and  seventh  elytral  stride,  a  ohameter  wliich  suggests  a  similar  division  of 
species  in  Pterostichus. 
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The  only  work  In  which  the  species  of  tliis  genus  has  been  treated  as  a 
whole  Is  by  M.  Putieys  (Stettin  Zeltsdirift,  1878»  pp»  1—78),  whose  arrange- 
ment>  even  with  our  small  number  of  species,  I  have  been  unable  to  follow, 
tlie  primary  division  being  rather  inexact  and  the  secondary  characters  not 
easy  to  be  perceived.  There  seems  also  to  have  been  a  tendency  to  exag* 
gerate  the  importance  of  difierences  which  are  either  Individual  or  local 
iknd  tlie  number  of  species  unnecessarily  Increased. 

Since  the  reception  of  the  alK)ve  mentioned  i>aper,  material  has  gradually 
been  accumulated  In  our  cabinets  fVom  all  i)arts  of  the  country,  which 
shows  clearly  that  the  8|)ecles  have  a  very  *wlde  range  of  distribution,  and 
tlie  variations  between  widely  se^mrated  localities  are  well  marked,  while 
the  differences  become  evanescent  in  intermediate  localities* 

All  the  species  belong  to  the  Atlantic  fkuna,  several  however  extend 
through  AHsona  to  the  Peninsula  of  Califbmia,  but  none  occur  In  the 
true  Pacific  launa,  that  is  from  San  Diego  northward. 

The  following  table  gives  In  brief  the  characters  separating  tlie  species 
recognized  in  the  subsequent  pages  : 

Pitttternum  obtuse  at  i\\\  not  margined. 
Species  with  broneed  surface  lustre. 
Intervals  of  elytra  smooth,  not  pubescent^  eighth  stria  not  distant  flrom 
margin. 
Elytra  at  tip  feebly  sinuate,  the  outer  interval  punctulate. 

Elytral  punctures  large,  almost  foveolate palllatui  Fab. 

Blytral  punctures  very  small pediouluius  D^. 

Blytra  at  tip  strongly  sinuate,  the  outer  angle  sulxlentnte. 

Outer  interval  not  punctulate &tuut  Leo* 

Intervals  punctulate  and  pul>escent,  eighth  stria  more  distant  ttom  the 

margin  than  fVom  the  seventh breviusoulut,  n.  sp. 

S[>ecles  black  alwve,  more  or  less  Iridescent. 
Thorax  as  wide  or  wider  at  base  than  ai>ex. 

Outer  Interval  punctulate opalinus  Lee. 

Outer  interx'al  not  punctulate gagatlnus  DeJ. 

Thorax  distinctly  narrowed  at  base. 
Hind  angles  obtuse. 

Marginal  interval  punctulate Iripennii  Say. 

Hind  angles  rectangular  and  prominent tubtinotui  Lee. 

Prosternum  horizontal,  tip  slightly  prolonged  and  margined. 
Thorax  not  broader  at  base  than  apex. 

Form  rather  narrow,  elytral  punctures  foveolate .foMUlatus  Dcj, 

Form  broader,  elytral  punctures  small ovalia  D^. 

Thorax  broader  at  base  than  a^wx,  sides  nearly  regularly  arcuate  ttoux 
base  to  ai)ex eUiptious  D(»j. 

The  characters  alwve  given  seem  sufficiently  plain  to  need  no  comment. 
There  have  been  no  differences  ol)8erved  In  the  clypoal  setigerous  punctures, 
all  the  sv)ecles  having  but  one  puncture  on  each  side.  The  males  have  the 
anterior  and  middle  tarsi  moderately  dilated,  with  two  series  of  squamifbrm 
l^pill«e  on  the  first  four  Joints. 
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S.  palliatoB  Fabr.  Piceous,  legs  pale,  upper  surface  shining,  bronzed. 
Thorax  equally  wide  at  base  and  apex,  sides  feebly  arcuate  in  front,  hind 
angles  distinct,  nearly  rectangular  but  not  prominent,  basal  impressions 
moderate  and  with  very  few  punctures.  Elytra  a  little  wider  than  the 
thorax,  oblong  oval,  very  feebly  sinuate  at  tip,  finely  striate,  striae  2—5 — 7 
each,  with  rather  large  punctures,  the  marginal  interval  finely  punctulate 
and  pubescent.     Length  .28 — .32  inch ;  7 — 8  mm. 

With  this  species  I  unite  laesus  Lee,  which  differs  only  in  having  the 
dorsal  punctures  a  little  smaller.  It  is  the  largest  species  of  the  bronzed 
series  in  our  fauna. 

Occurs  from  Florida  to  the  Peninsula  of  California. 

S.  pediculariuB  Dej.  Oblong  oval,  piceous,  shining,  surface  bronzed, 
legs  pale.  Thorax  a  little  broader  at  base  than  apex,  sides  arcuate,  hind 
angles  obtuse,  disc  moderately  convex,  basal  impressions  almost  entirely 
obliterated.  Elytra  scarcely  wider  than  the  thorax,  finely  striate,  intervals 
flat,  smooth,  the  marginal  finely  punctulate,  striae  2 — 5 — 7  with  fine  punc- 
tures, apex  feebly  sinuate.     Length  .20 — .26  inch  ;  5 — 6.5  mm. 

With  this  species  I  unite  troglodytes,  aereus  and  puellus.  It  is  possible  in 
a  large  series,  such  as  I  have  now  before  me,  to  select  forms  which  will 
agree  in  every  particular  with  the  descriptions  of  Dejean  and  Putzeys,  but 
they  are  not  species  and  do  not  deserve  the  name  of  varieties.  8,  troglo- 
dytes is  more  convex  and  the  sides  of  the  thorax  a  little  more  arcuate,  the 
vast  majority  of  these  are  females.  The  marginal  punctation  is  said  by 
Putzeys  to  be  without  pubescence  ;  this  is  not  true  in  any  well  preserved 
specimen.  The  description  of  puellus  shows  no  character  whatever  of  a 
specific  nature.  The  aereus  Lee.  is  placed  by  Putzeys  in  another  series  in 
which  the  tarsi  are  said  to  be  long,  but  after  a  care  Ail  study  of  this  character, 
I  find  it  entirely  deceptive  and  not  of  the  value  already  observed  in  Ajiis- 
odactylus.  The  posterior  tarsi  in  all  the  bronzed  species  are  somewhat 
broader  than  in  the  iridescent  species,  but  their  length  as  compared  with 
the  tibiae  is  the  same. 

I  cannot  understand  why  Putzeys,  after  placing  puellus  next  after  pedie- 
ularius  (12)  and  troglodytes  (13)  in  the  table,  should  place  it  as  55  near 
aereus  (56)  in  the  text. 

Occurs  from  the  Middle  States  to  Kansas,  Florida  and  Arizona. 

S.  fatuuB  Lee.  Closely  resembles  the  preceding  but  more  slender  in 
form.  The  thorax  is  less  transverse,  somewhat  narrowed  behind,  the  hind 
angles  distinct.  The  elytra  are  similarly  sculptured  but  the  marginal  inter- 
val is  entirely  impunctulate  and  consequently  not  pubescent,  the  apex  is 
strongly  sinuate,  the  outer  angle  of  the  sinuation  quite  prominent.  Length 
.20— .24  inch  ;  5—6  mm. 

This  species  is  usually  darker  in  color  Xhdixxpedicularius  and  more  shining. 

In  this  species  Zimmerman  (Trans.  Am.  Ent.  Soc,  1869,  p,  247,)  recog- 
nized parumpWMtatus  Dej.,  and  from  the  comparisons  made  by  Putzeys, 
I  am  inclined  to  think  that  view  correct,  but  not  having  types  of  Dejean's 
species,  cannot  say  so  definitely. 

Occurs  in  the  Gulf  States. 
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8*  breviuftOuluM,  n.  sp.  Oval,  slightly  oblong,  fkries  robust,  plctH)us, 
legs  imle,  surftUT  feobly  shining  ^'Ith  distinct  bronxe  lusti^o.  Head  punc- 
tulatQi  rugulose  at  the  sides  above  the  eyes.  Thora.\  brt^ul,  a[>ex  and  Itase 
equal,  sides  leather  strongly  arcuate,  bastO  angles  bi'Oiidly  rounded,  base 
feobly  emarglnate  at  middle,  disc  convex,  sides  slightly  depressed  ^>08- 
terlorly,  at  middle  more  shining,  finely  transversely  wrinkled,  In  fVont  finely 
punctulate,  at  Imse  and  sides  densely  punctate  and  o^mque.  Klytra  not 
wider  than  the  thorax,  scarcely  one- third  longer  than  wide,  sides  moder* 
alely  arcuate,  apex  scarcely  at  all  sinuate,  mmienUely  deeply  but  finely 
striate,  Intervals  flat  and  Irregularly  but  finely  blserlately  punctulate  and 
pubescent,  serial  punctures  very  fine  and  Indistinct,  eighth  stria  distant 
ftx)m  the  margin.  lUxly  beneath  feebly  shining,  abdomen  sparsely  punc- 
tate and  with  short  pubescence.  Legs  testiiceous,  middle  and  iH>sterlor 
tlblfe  slightly  arcuate.    Length  .20  Inch  ;  0.5  mm. 

This  species  Is  evidently  allied  to  cramHHaulm^  (♦umptf^i  and  anuatw, 
which  Putxeys  unfortunately  omits  fh>m  his  synoptic  table.  It  Is  very  dls- 
tlnct  from  any  other  in  our  fauna  In  Its  geneml  aspect  »\8  wl»ll  as  by  the 
characters  above  given. 

One  specimen  In  my  cabinet  from  Fort  Cobb,  Indian  Territory,  collected 
by  Dr.  Edw,  Palmer,  another  In  Mr.  Ulke's  cnblnet. 

8.  opalinus  Lee.  Oblong,  black,  surfi\ce  rather  brilliantly  Iridescent. 
Head  smooth,  a  foveate  puncture  more  or  less  distinct  on  each  side  of  the 
vertex.  Thorax  brcmder  than  long,  l)ase  as  wide  as  ai)ex  or  a  little  wider, 
sides  feebly  arcuate,  margin  mirmwly  depressed  and  tn\n8lucent>  disc  feebly 
convex,  surface  s|mrsely  Indistinctly  punctulate  along  the  base,  hind  angles 
distinct  but  obtuse.  Elytra  a  Uttle  wider  than  the  thon\x,  sides  i>an\llel  ^ 
or  slightly  arcuate  9»  *^P<>-^  feebly  sinuate,  surfiice  ratlker  deeply  striate, 
intervals  slightly  convex,  more  so  at  a^iex  and  simrsely  Indistinctly  punctu- 
late, serial  punctures  distinct  but  not  large,  outer  interval  very  distinctly 
punctate  but  not  pubescent.  Body  beneath  shining,  alnlomen  siHirsely  in- 
distinctly punctulate.  Legs  rufo-testt\ceous.  Length  M — ,40  Inch ;  0—10 
mm. 

This  Is  our  largest  species  of  the  iridescent  series. 

Occurs  fVom  Wisconsin  and  Mlchlgtm  to  Florida  and  thence  westwani  to 
the  Peninsula  of  California. 

8.  gagatinus  DeJ.  More  slender  and  [mnUlel  than  opalinm  as  well  as 
more  convex.  The  surface  is  also  less  Iridescent,  the  thoracic  margin  ex- 
tremely narrow  and  not  translucent.  The  punctures  of  the  ely  tral  Intervals 
are  scarcely  visible,  while  the  marginal  Interval  is  absolutely  smooth. 
Femora  plceous,  tlblte  and  U\rsl  paler.     Length  .80  inch  ;  7.5  mm. 

Tf>  this  species  I  refer  sonie  specimens  collected  by  me  In  early  Spring  In 
AriEona  which  art*  probably  immature.  The  head  and  thomx  are  rufo- 
piceous  and  the  elytm  more  finely  striate  than  In  the  normal  form.  I  am 
unwilling  to  sei>arate  them  until  more  matuiT  specimens  aiH^  seen. 

PutReys  states  in  error  that  the  pix>sternum  is  margined  in  this  species. 

Occurs  ftoxw  Massachusetts  to  Texas. 
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S.  iripennia  Say.  Thorax  broader  than  long,  very  distinctly  narrowed 
posteriorly,  hind  angles  distinct  but  obtuse,  margin  narrow  and  slightly 
translucent,  disc  smooth  with  few  fine  punctures  in  the  vague  basal  im- 
pressions. Elytra  broader  than  the  thorax,  sides  feebly  arcuate,  apex 
scarcely  sinuate,  surface  striate,  striae  obsoletely  finely  punctulate.  intervals 
flat,  very  obsoletely  finely  punctulate,  the  marginal  usually  distinctly  punc- 
tulate.   Legs  testaceous.    Length  .26  inch  ;  6.5  mm. 

The  narrowing  of  the  thorax  behind  in  this  spedes  is  quite  well  marked, 
so  that  it  resembles  in  form  certain  Bradycellus. 

Occurs  from  Illinois  to  Georgia  and  Texas. 

In  the  synoptic  table  given  by  Putzeys,  opalinus  and  gagtinus  are  placed 
in  a  series  in  which  the  thorax  is  said  to  be  "narrowed  behind  without 
prominent  angles,"  while  in  the  description  the  former  is  said  to  have  a 
square  thorax  equally  narrowed  at  apex  and  base,  while  the  latter  is  said 
to  be  narrowed  in  front.  They  are  also  widely  separated  in  the  body  of 
his  paper  with  thirty -one  species  between. 

S.  subtdnctus  Lee.  Closely  resembles  iripennis,  but  the  thorax  is  more 
narrowed  posteriorl)'^  and  the  hind  angles  sharply  rectangular  and  slightly 
prominent.  The  outer  elytral  interval  is  very  narrow  and  smooth.  Legs 
pale  rufo-testaceous.    Length  .24  inch  ;  6  mm. 

One  specimen  ;  Louisiana. 

S.  foBsulatua  Dej.  Oblong,  depressed,  black,  surface  with  silken  lustre. 
Thorax  broader  than  long,  base  and  apex  equal,  or  the  former  slightly 
narrower,  sides  regularly  arcuate,  hind  angles  rectangular,  not  prominent. 
Elytra  very  little  wider  than  the  thorax,  sides  feebly  arcuate,  strisB  very 
fine,  serial  punctures  large  and  foveolate,  apex  feebly  sinuate.  Body  be- 
neath and  legs  piceous,  shining,  tibiae  and  tarsi  usually  paler.  Length  .24 
inch ;  6  mm. 

This  species  is  the  least  oval  of  this  group  and  is  easily  known  by  the 
thorax,  elytral  punctures  and  lustre. 

Occurs  in  Georgia  and  Florida. 

S.  ovalis  Dej .  Oblong  oval,  depressed,  black,  subopaque.  Thorax  with 
the  base  and  apex  nearly  equal  or  very  little  broader  at  base,  sides  regularly 
arcuate,  hind  angles  rectangular,  not  prominent.  Elytra  a  little  broader 
at  base  than  the  base  of  the  thorax,  sides  moderately  arcuate,  apex  very 
feebly  sinuate,  surface  finely  striate,  intervals  flat,  serial  punctures  moder- 
ate in  size.  Body  beneath  and  legs  piceous,  surface  slightly  iridescent. 
Length  .28  inch  ;  7  mm. 

Occurs  in  Georgia  and  Florida. 

S.  ellipticiis  Dej.  Oblong  oval  or  elliptical,  black,  subopaque.  Thorax 
wider  at  base  than  apex,  sides  regularly  arcuate,  hind  angled  rectangular. 
Elytra  not  wider  than  base  of  thorax,  the  margins  of  each  nearly  continu- 
ous, surface  finely  striate,  intervals  flat  or  very  slightly  convex,  serial  punc- 
tures very  small,  apex  scarcely  at  all  sinuate.  Body  beneath  black,  shining. 
Legs  rufo-testaceous.     Length  .20 — 24  inch  ;  5 — 6  mm. 
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The  males  are  a  little  more  shluing  than  the  females.  With  this  species 
I  unite  granariui  DeJ.  The  larger  number  of  the  species  have  the  thorax 
regularly  narrowing  fVom  base  to  apex,  some  few  however  have  the 
base  a  little  narrower  than  the  disc,  a  little  in  fh>nt  of  the  base,  but  the 
transition  fVom  one  form  to  the  other  is  very  gradual. 

Occurs  fh>m  the  Middle  States  to  Georgia  and  Texas. 

The  three  preceding  species  have  the  prosternum  borizontal  at  tip» 
slightly  prolonged  a^d  distinctly  margined  at  the  sides  and  ai)ex.  They 
form  a  very  natural  group. 

Synonymy  and  Bibliography, 

8.  pallUtua  Fab.»  Ent.  Syst.  SuppK,  p.  58. 

$Ug9nosu8  Germ.,  Ins.  Spec  nov.,  p.  d5  ;  Putz.  Stett.  Zoits.,  1878,  p.  ld« 
impresiUi  DeJ.»  Spec.»  lv»  p.  8d  ;  Ic,  pi.  175,  Ag.  5. 
Ia^u9  Lee,  Proc.  Acad.,  1858,  p.  50, 

8.  pedloulariua  DeJ.,  Spec.,  iv,  p.  100 ;  Putz.,  loc.  cit.,  p,  18. 
trogliidjftM  DeJ.,  ibid.,  p.  101 ;  PuU.,  p.  18. 
a4r€U9  Lee,  Ann.  Lye,  iv,  p.  203. 
plampennis  Lee,  ibid.,  p.  204. 

8.  &taua  Lee,  New  Species,  1803,  p.  17. 

Mcisus  I  Lee,  Proe  Am.  Philos.  Soe,  1878,  p,  377. 

8.  breviuaoulua  Horn,  n.  sp. 

8.  aubtlnotua  Lee,  Proc.  Acad.,  1806,  p.  305. 

8.  IripenniB  Say,  Trans.  Am.  Philos.  Soe,  ii,  p.  30. 
tarieohr  Lee,  Ann.  Lye,  iv,  p.  203, 

8.  gagatlnus  DeJ.,  Spec,  Iv,  p.  112;  Putz.,  loc.  clt.,  p.  43. 
tnaums  Hald. ,  Proc.  Acad.,  i,  p.  306. 
tiriiUiceM  Lee,  Ann.  Lye,  Iv,  p.  203. 

8.  opalinua  Lee,  List,  Col.,  N.  A.,  p.  13  ;  Putz.,  loc.  cit.,  p.  52. 
inp€nni$  X  Lee,  Ann.  Lye,  iv,  p.  280. 

8.  foMUlatua  DeJ.,  ibid.,  p,  88;  Putz.,  loc.  cit.,  p.  15. 

8.  ovalit  DeJ.,  Spec,  iv,  p.  106 ;  Putz.,  loc.  oit.,  p.  20. 

a  elliptlcus  DeJ.,  ibid.,  p.  108  ;  Putz..  loe  cit.,  p.  20. 
granariuB  DeJ.,  ibid.,  p.  100  ;  ibid.,  p.  21. 
pulicariu$  DeJ.,  ibid.,  p.  108. 
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Li9t  of  Papers  Communicated  to  the  American  Philosophical  Society, 

By  Pliny  Earle  Chase,  LL.B. 

{Bead  before  the  American  Philosophical  Society,  November  5,  1880.) 

1.  Sanscrit  and  English  Roots  and  Analogues.    Sept.  17,  1858,  P.*  vii, 

177-91. 
8.  Ohinese  and  Indo-European  Roots  and  Analogues.    Jan.  18,  1861,  P. 

viii,  5-48. 
8.  Intellectual  Symbolism.    Oct.  3,  1862,  T*  xii,  46a-594. 
4.  Chinese  Seal  Inscriptions.     Feb.  6,  1863,  P.  ix,  139. 
6.  Ohinese  Analogues  in  other  languages.     Feb.  20  to  Ma}^  15,  1863,  P. 

ix,  145,  172,  231. 

6.  Catalogue  of  Trade  Tokens  circulating  during  the  war  of  the  Rebellion. 

Sept.  18,  1863,  P.  ix,  242-58. 

7.  Mathematical  Probability  of  Accidental  Linguistic  Resemblances.    Sept. 

18,  1863,  T.  xiii,  25-33. 

8.  Comparative  Etymology  of  the  Yoruba  Language.    Sept.  18,  1868,  T. 

xiii,  35-68. 

9.  Note  on  Possible  Vowel  Sounds  not  used  in  any  Language.    Oct.  2, 

1863,  P.  ix,  271. 

10.  On  the  Diurnal  Variations  of  the  Barometer ;  elastic  actions  and  re- 

actions proportioned  to  mass  ;  cyclical  motions  in  a  resisting  medium, 
furnishing  harmonic  indications  of  Sun's  mass  and  distance  ;  antici- 
pation of  astronomical  verifications  or  rectifications  by  means  of 

varying  pressures  ;  importance  of  the  fundamental  equations,  v=^  ^  * 

A  =r  ^  •  in  which  t  represents  the  time  of  cosmical,  molecular,  or 
4 

atomic  rotation,  and  g  represents  the  acceleration  of  a  central  force. 

Dec.  18,   1863,  P.  ix,  283-8  (Maxwell,   Edlund,    Crookes,  Lock- 

yer).t 
The  above  was  the  first  of  a  series  of  physical  papers  in  confirmation  of 
the  following  General  Postulate.    All  physical  phenomena  are  due  to  an 
Omnipresent  Power,  acting  in  ways  which  may  he  represented  by  harmonic 
or  cyclical  undulations  in  an  elastic  medium. 

11.  On  the  Height  of  the  Tides  ;  principles  of  (10)  applied  to  the  explana- 

tion of  some  tidal  anomalies.    Jan.  1,  1864,  P.  ix,  291-4. 

12.  Daily  Distribution  of  Heat ;  coordinate  thermodynamic  influences  of 

solar  radiation,  cyclical  elasticity,  and  barometric  pressure.    March 
4,  1864.,  P.  ix,  345-9. 
18.  Mechanical  modification  of  electric  and  other  elastic  currents  ;  gravity, 
electricity  and  terrestrial  magnetism  regarded  as  **  modes  of  mo- 
tion "  (Gray,  Edison,  Bell,  Channing,  Crookes);  illustrations  of  the 

•P.,  Proceedings ;  T.,  Ti-aiisactions. 

t  Tho  names  In  parentheses  are  those  of  subsequent  investigators,  whose  re- 
■earches  have  confirmed  tlie  conclusions  of  the  papers. 
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hyi)othesis  that  electricity  c^nisist^  simply  of  letheroal  vibrations 
(Maxwell,  Edlund).     April  1.  1864,  P.  ix.  355-60. 

14.  Polarixiug  intiueuces  of  thermal  ctnn'e<aion  and  radiation  :  correspon- 

denc«  between  Challis's  laws  of  molecular  action  and  the  laws  of 
attraction  and  rotation  (Baumhauer,  Meyer,  Mendelejeff.  ZaengerleV 
April  15.  1^64.  P.  ix,  807-71. 

15.  ,Lunar>monthly  barometric  variations  :  resemblances  to  daily  l>arometric 

fluctuations.    June  17.  1804.  P.  ix.  3l>54>.    Also,  Proc.  Roy.  Sik, 
June  10,  1804.  xiii.  3^0-338. 
10.  Com|K)nent  elements  of  normal  Imrometric  tides  ;  influence  of  oscilla- 
tions moving  with  the  veU>city  of  light.    July  15.  1804,  P.  ix, 
405-11. 

17.  Comparative  fltness  of  hm^uages  for  musical  expression.    Sept.  10. 

1864.  P.  ix.  419-30. 

18.  Primitive  names  of  the  Supreme  Being.    Sept.  10.  18tU.  P.  ix  450-4. 
U>.  Numerical  Relations  ot  Gravity  and  Magnetism ;  Foimulation  of  Hy- 

|H)thesls  of  Unity  of  Elastic  Force  ;  Kinetic  R  Uio  of  Sound  Waves 
to  Light  Waves  (Kdlund.  MendeU»jeft'.  CixH>ke8,  Lwkyer.  Ellison). 
Oct.  31.  1804.  P.  ix.  435-40  ;  r.  xiii.  Il7-;t0. 

30.  Comptvri son  of  Solar  and  Lunar  Magnetic  and  Aerial  Tides  ;  Magellanic 

medal  awanUni  Dw.  16.  18(54  (Maxwell.  1873).     P.  ix,  487«i>5, 

31.  R«\dical  Significanci*  of  Numerals,     Feb,  17,  18(55,  P  x.  tO-3ll. 

33.  CoptoEgj-ptian  Vi>cabulary,     April  7.  18(t5.  P.  x.  6M>4. 

38.  Relations  of  Magnetic  Declination  to  (Gravity :  Heat  and  Attntction ; 
Different  manifestations  of  the  Fort^e  which  iH)atri)l8  Stellar-Systems 
as  well  as  Molecular  Motions.     April  31,  18<>5,  P.  x,  07-104, 

34.  Relations  of  Magnetic  Inclination  to  Uiavity  ;   AtHx>mplishment  of 

Faraday's  Desiden\tum.     May  10.  1?<65,  P.  x,  111-8. 

35.  £xi)eriments  in 'Mechanical  Polari5r.ation  of  magnetic  needles  by  vlbni^ 

tions  resembling  those  of  Terrt^strial  ciinvection  and  atmwpherlc 
currents  ;  mechanlaU  i»larlKatlon  of  Sky  Light.  Oct,  6,  1865,  P. 
X.  151-66, 

36.  Oliservations  on  Skylight  i>olariyiation  at  Philadelphia:  Remarkable 

visibility  of  all  the  neutral  Points.    Jan.  5. 1866.  P.  x.  196-7, 

37.  Comiiarailve  visibility  of  AmgoV,  Bablnet  s,  and  Brewster's  Neutral 

Points.  In  Philadelphia  and  Us  nelghlwrhmxi  April  6.  1866.  P.  x. 
333. 

38.  Relations  of  TemiM?rature  to  Gravity  and  Density  :  General  Equation 

of  Oscillation  and  Parabolic  motion  ;    Thermodynamic  rw  ri><i; 

Oomivirative  Energy  of  action  and  reaction  at  the  source  ot  Solar 

Radiatitm  and  at  Earth's  Orbit :  simple  harmonic  ix»lation  Iwtween 

terrestrial  gravity  and  the  veU>city  of  light.    Sept.  31,  1866,  P.  x, 

361-0. 
W.  Laws  regulating  the  distribution  and  transmission  of  Solar  heat,     Feb. 

1.  1867.  P.  \.  309-15. 
80.  Prtilmbilittes  In  etymolog\' ;  a  reply  to  criticism.     Sept.  30,  1867.  P.  x. 

345-9. 
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31.  Meteor  seen  at  Haverford  College.    Oct.  4,  1867,  P.  x,  853. 
82.  Meteors  of  Nov.  13.  14.  1867.    Nov.  15,  1867,  P.  x,  357. 

33.  Specific  Magnetism  of  iron ;   cosmical  and  molecular  comparisons. 

Nov,  15, 1867,  P.  X,  358. 

34.  General  connotations  of  magnetism ;  accordance  between  barometric 

and  astronomical  estimates  of  Sun's  distance.  Feb.  21,  1868,  P.  x, 
368-79. 

35.  Evidences  of  Lunar  influence  on  rainfall.    June  19,  1868,  P.  x,  436-9. 

36.  Tidal  Rainfall  of  Philadelphia ;  similarity  of  influence  in  different  inde- 

pendent periods.     Dec.  4.  1868,  P.  x,  523-37. 

37.  Meteors  of  Nov.  13,  14,  1868.    Dec.  4.  1868,  P.  x.  539. 

38.  Philadelphia  Life  Tables.     Feb.  5,  1869,  P.  xi,  17-22. 

39.  Cosmical  relations  of  light  to  gravity ;  influence  of  the  modulus  of  light, 

velocity,  mass,  distance,  centres  of  gyration,  orbital  eccentricity,  in- 
ertia, and  ratio  of  circumference  to  diameter  on  cosmical  and  molecu- 
lar phenomena  (Alexander,  1877) ;  solar  centripetal  reaction  against 
the  action  of  gravity  towards  the  centre  of  the  solar  system  gives  the 

velocity  of  light  in  the  fundamental  equation  v  =  ^  .    April  2,  1869, 

P.  xi,  103-7. 

40.  Comparison  of  rainfall   at  Greenwich  and   Philadelphia  ;  cosmical 

and  local  influences  upon  meteorology.     May  7.  1869,  P.  xi,  113. 

41.  Tidal  Rainfall ;  comparison  of  lunar  influences  at  Providence,  Chis- 

wick  and  Toronto.    Oct.  1,  1869,  P.  xi,  203. 

42.  Comparison  of  mechanical  Equivalents.    Jan.  7,  1870,  P.  xi,  313. 

43.  Monthly  variations  of  rainfall  at  Philadelphia.     Feb.  4,  1870,  P.  xi, 

314-5. 

44.  European  and  American  rainfall ;  comparison  of  quarterly  rains  at 

Philadelphia  and  Lisbon.    March  3,  1871,  P.  xii.  38-9. 

45.  American  Weather  Notes  ;  local  influences  ;  importance  of  gradients  ; 

frequency  of  anticyclonic  storms  ;  local  cyclones  in  general  anticy- 
clones (Signal  Service).    March  3.  1871,  P.  xii.  40. 

46.  Winds  of  the  United  States ;  General  anticyclonism ;  storm  centres  at 

normal  intersections  of  prevailing  currents.  March  17, 1871,  P.  xii, 
65-7. 

47.  Resemblance  of  atmospheric,  magnetic  and  oceanic  currents ;  primary 

coordinate  great  circles  ;  uniform  evidences  of  gravitating:  influence. 
April  7,  1871,  P.  xii,  68-70. 

48.  Relation  of  Auroras  to  gravitating  currents.  May  5,  1871,  P.  xii,  121-2. 

49.  Winds  of  Europe.     June  16,  1871,  P.  xii,  123. 

50.  Normal  position  of  the  tidal  ellipsoid.    June  16.  1871,  P.  xii,  123-4. 

51.  Cyclical  Rainfalls  at  Lisbon  ;  solar  and  lunar  influences  compared  at 

different  independent  periods ;  blending  tidal  currents  of  different 
temperatures  and  different  degrees  of  humidity.  Aug.  18,  1871, 
P.  xii,  178-90. 

52.  Correlations  of  cosmical  and  molecular  force ;  harmonic  estimates  of 

solar  mass  and  distance  from  the  explosive  energy  of  oxygen  and  hy- 
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drogen  (Young) ;  «m  viva  of  wave  proimgation  =  j  of  the  vi9  viva 
of  oscillating  particles  (Maxwell,  1877).  Feb.  10, 1872,  P.  xii,  802-4. 
58.  The  Herschel-Stephenson  Postulate  ;  conditions  of  stability  in  elastic 
atmospheres  ;  influences  of  centres  of  oscillation  on  planetary  masses, 
distances,  and  times  of  rotation.    March  1,  1872,  P.  xii,  806-7. 

54.  Further  approximations  to  sun's  distance  ;  accordant  harmonies  of  ter- 

restrial rotation,  lunar  distance,  lunar  revolution,  explosive  energy, 
and  the  velocity  of  light.    April  5,  1872,  P.  xii,  808-400. 

55.  General  relation  of  Auroras  to  Rainfall.    April  5,  1872,  P.  xii,  400. 

56.  Influence  ofmeteoricshowera  on  Auroras.  May  10,  1872,  P.  xii,  401-8. 

57.  Planetary  Illustrations  of   Explosive  Oscillation ;  apsldal  and  mean 

positions  and  eccentricities  (Alexander,  1877).  May  10, 1872,  P.  xii, 
408-5. 

58.  Undulatory  harmonies  of  solar  and  planetary  rotation,  revolution, 

mass,  gravity,  and  light.     May  10,  1872,  P.  xii,  406-7. 
60.   Aethereal  density  and  polarity ;  influences  on  cosmical  masses  and 
relative  positions.    May  10,  1872,  P.- xii,  407-10. 

60.  The  sun-spot  cycle  of  11.07  years  ;  wave-cycle  of  Jupiter's  projectile 

locus  (mean  perihelion  distance).    May  10,  1872,  P.  xii,  410-1. 

61.  Aethereal  Oscillation,  the  primordial  material  Force  ;  cardinal  centres 

of  wave  influence ;  planetary  lllustmtions.  .Tuly  5,  1872,  P.  xii, 
411-7. 

62.  Daily  auroral  and  meteoric  means.    Sept.  20,  1872,  P.  xii,  510-8. 

68.  Stellar  and  Planetary  Correlations ;  relations  of  distance  to  cardinal 
points  of  explosive  oscillation  ;  rupturing  velocities  acquii^cd  by  neb- 

ular  **  subsidence  **  fVom  nd  to  ;  evidences  of  parabolic  projec- 

H  -pi 

tion  between  a  Centauri  and  sun,  the  locus  of  the  paraboloid 
being  determined  by  the  solar  moifulus  of  tight,  sun's  linear  eentre  of 
oscillation,  and  sun's  gravitating  reaction  againat  luminous  unduUi' 
Hon  ;  harmonic  positions  of  loci  of  planetary  rupturing  velocities. 
These  are  the  only  positive  eridenoes  yet  discovered  of  gravitating 
influence  bettceen  different  stellar  systems,  Sept.  20,  1872,  P.  xii, 
518-22. 
04.  Cyclical  rainfall  at  San  Francisco  ;  indications  of  planetary  as  woll  as 
lunar  influence.    July  19,  1872,  P.  xii,  528-42. 

65.  Becent  monthly  Rainfall  in  the  United  States  ;  compiled  from  Signal 

Service  reports  ;  lunar  influence  less  disguised  than  solar.  Nov.  1, 
1872,  P.  xii,  555-7. 

66.  Lunar-cyclical  Rainfall  in  the  northern  Tempo nite  Zone.    Nov.  1, 

1872,  P.  xii,  558-0. 

67.  Oscillatory  Forces  in  the  Solar  system  ;  harmonies  of  ai>sidal  and  mean 

planetary  positions  and  moments  of  inertia  ;  influenci'  of  the  mtio 
of  the  circumference  to  the  diameter  of  a  circle  (Forbes,  1880). 
Feb.  7,  1878,  P.  xlil,  140-1. 

68.  Estimate  of  solar  mass  and  distance  from  the  equilibrium  of  elastic  and 

gravitating  forces.     Feb.  7,  1878,  P.  xiii.  142-8. 


65).  Nt>ti»  on  PhuiotO'Taxis :  roasons  for  limitations  of  **Bo(lo*8  law/* 
Mrtivh  7.  187a.  P.  xUi.  U^M. 

70.  UotAtion  of  tho  sun  nmi  the  Intm  tisteroidal  PhuiHs.     March  7,  1878, 

I\  xlli.  145-7. 

71.  Planetary   rolations  to  the  aunaiKU  ^wrloil.     March  7,  187.1  P,  xlU, 

147-8.' 

75.  Relative  veU>oities  of  ll»rhl  ami  gn\vily.     March  7,  1878,  P.  xHl,  148-0. 

7Jl  The  giimuis  of  sinuul  anil  light ;  iH>rre$iH>ndence  of  wave-length  of  the 
musical  note.  (\.,.  with  that  of  the  FraunhoferC  lino  ;  apim>ximations 
in  other  wave-lengths  of  the  two  gamuts :  cH>mj>iiratlve  harmonic 
estimatCN  of  8olar  mas.^  and  distnnci^ ;  indications  of  a  magnetic 
giunut,  tour  octaves  Inflow  that  of  light*  March  21,  187H,  P.  xHl. 
UU-54. 

74.  Tlie  music  of  the  spheres  ;  ajwidal  and  mean  relations  to  musical  Inter- 

vals.   April  4,  187a,  P,  xiii,  lOiV^. 

75.  Harmonic  Indications  of  IntnwMennirial  planets;  intluence  of  Nep- 

tune, Jupiter  and  Sun  in  esttvblishing  harmonic  nodes  of  planVtary 
aggrt\tfation  ;  prtiiicfioit  of  an  **  unknotrn  pUttift  or  other  ,if«if  ofitolar 
ami  ;»/<!»<'/« I r.v  pfrturhntioti  *'  ^De  la  Hue,  Stewart  and  Loewy,  Wat- 
son. Moucher,  Oppoly.er,  and  others u      May  2.  187a,  P.  xHl,  287-^. 

7t».  Congelations  of  Planetary  mass.     May  Itt.  187a,  P.  xlil,  3ai>-4a. 

77.  Harmonies  of  (\>8mical  iloiation.  May  10,  I87a,  P.  xiii.  248-8. 

7S.  Weather  Study  :  continuation  f»f  views  (45,  40^  hy  ol>servation8  of 
sitfual  service  bureau.     Mav  1«,  1878.  1\  xlli.  348^2. 

7j».  The  Planetary  nmle  between  Meixniry  and  Vulcan.  May  1«,  1878,  P. 
xiii,  252. 

SO.  Hecent  t'onflrmatitm  of  an  Asimnomical  Prtnliction.  Oct,  8,  1878.  P. 
xiii.  470. 

81.  C'onn>arison  of  Planetary  Series :  harmonic  series  the  closest  of  all. 
CkX.  8,  1878,  P.  xiii.  471-7. 

8*.?.  Transcript  of  a  curUms  MS.  work  in  cypher,  supposed  to  b«»  tistrologi- 
cal.     Oct.  8.  1878,  1\  xiii,  477-82. 

8a.  Origin  of  Attractive  ForiT.     Feb,  «,  1874.  P.  xlv,  111-4. 

84.  Siivlng  Fund  Life  Insumnce.     April  8,  1874,  P.  xiv.  148-». 

85.  C'osmlcal  Tliernuxlynamics  ;  tidy  inxstulates  of  unitary  force,  with  ref* 

erences  to  lllustrallve  paiuM's.     April  17,  1874,  P.  xlv,  141-7. 

86.  Cosmical  evolution  ;  relations  of  mean  proportionality  to  time,  mass, 

density,  and  the  velocity  of  light.    May  15,  1874,  I\  xlv,  150-61. 

87.  Jupltercy^'li^^ttl  Ralntall.     June  10,  1874,  P,  xlv,  lOiW. 

88.  Cyclical  minfall  at  Barlwulos.    Juno  10,  1874.  I\  xlv,  105-316. 

80.  Oravltatlng  Waves  ;  Imitortant  nodal  {>ositions  of  Sun,   Earth  and 

Jupiter,     Jan.  1,  1875,  P,  xlv,  844-6. 
0(\  Lunar  numthly  Rainfall  In  the  United  States,  fk^om  observations  of  tho 

Signal  Service  Bureau.     April  Itl.  1875,  P.  xlv,  416-8. 
*.M    Further  Relations  of  Magnetic,   Gmvliatlng  and  Luminous  Force  ; 

analogt>us  etptaiions  in  general  physic^,  electricity,  chemUtryi  and 


cosmogony ;  consequent  estimate  of  Sun's  mass*  fVom  Maxwell's 

magnetic  data.    June  18,  1875.  P.  xlv,  007-0, 
W.  Planetary  Illustrations  of  the  Ci-eative  Fiat.  Aug.  30,  1875,  P.  xiv. 

60^13. 
9d.  Yearly  rainfall  in  the  United  SbUes,  fVom  observations  (»f  the  Signal 

Service  Bureau,    Aug,  80,  1875,  P.  xiv.  613-4. 

94.  The  Beginnings  of  Development  ;  planetary  linkages  ;  the  04^x)lXv  of 

light  is  ths  limit  Mw^n  tfU  lieing  forces  of  a9«oeiation  and  di^soeia- 
tion;  variety  of  rhythmical  relations;  successive  stejvs  of  nebular 
condensation.    Sept,  17,  1875.  P.  xiv.  032-81, 

95.  Further  Dynamic  Godrdinations ;  mathstfMtical  deduction  of  the  mtu* 

betuKen  the  mean  ms  oioa  of  gaseous  volume  (^heat  Hauler  constant 
volume)  and  the  vis  viva  of  untform  vflocity  {heat  under  constant 
pressure) ;  harmonies  of  products  and  powers  of  mass  and  distance. 
Dec.  8.  1875,  P.  xiv.  651-8. 

96.  Nebular  action  in  the  solar  system  ;  confirmations  of  Herschers  theory 

of  **8ul)8idence  ;"  electriaU  conductivity  of  selenium,  illustrating 
the  ratio  of  velocities  l)etween  solar  wiwes  originating  at  Sun's  sur> 
fkce  and  in  Earth's  orbit  (Bell,  Tainter).  April  31,  1870,  P.  xvi, 
184-93. 

97.  On  some  fVindamental  pro[X)8itions  of  central  tbrce ;   nucleal  radius 

varying  as  the  ]  power  of  the  atmospheric  nxdlus  ;  oscillatory  forniu- 
las  of  cyclical  motion ;  views  of  various  investigators :  universal 
correlations.    July  31,  1870,  P.  xvi,  398-810. 

98.  Aethereal  inAuences  in  the  solar  system  ;  evidence  of  58  accordances. 

Jan.  5,  1877,  P.  xvi,  406-505. 

99.  Chemical  atoms,  molecules  and  volumes ;  laws  of  Boyle,  Charles,  and 

Avogadro.    Feb.  3.  1877,  P.  xvi,  505-8. 
too.  Further  illustrations  of  central  force ;  increase  of  velocity  through 
••subsidence  '*  should  produce  rupture  in  the  t>eriphery  of  a  station- 

ary  nebula  at  -  when  n  :=  8  ~4-  (8  —  3  ^    3)  ;  this  influence  shown 

by  various  planetivry  belts  and  positions;  *' subsidence"  tending  to 

form  confocal  elliptic  orbits,  with  mf\jor  axes  of       and  minor  axes 

3 

3r 
|/  3  r,  and  belts,  on  account  of  collision,  ai- ;  influence  of  the 

modulus  of  light  and  various  ratios  in  positing  planetary  belts.  July 
30.  1877.  P.  xvii.  08-100. 

101.  Harmonies  of  solar  spectrum  ;  identity  of  law  in  luminous  and  plane- 
tary nodes.    August  34,  1877,  P.  xvii,  109-13. 

103«  Results  of  wav«  interference ;  symmetrical  formula,  introducing  masses 
of  Sun  and  Jupiter,  Sun's  equatorial  radius,  Jupiter's  projectile 
radius,  and  the  velocity  of  light ;  significance  of  Earth's  position 
and  density ;  cosmical  and  molecular  wave  lengths :  confirmation  of 
'*  subsidence  "  and  of  harmonic  undulations,  by  the  moons  of  Earth. 
Mars,  Jupiter,  Saturn,  and  Uranus ;  Alexftnder*s  adoption  and  confir- 


Caiase.]  ±\yO  [Nov.  5, 

maUon  of  my  harmonic  predietioM.    Jan.  16,  1876,  P.  xvii,  394^ 
307. 

103.  OriteriB  of  the  Nebular  Hypothesk.    March  1,  167B,  P.  xvii,  341-5. 

104.  Badiation  and  rotation  ;  explanation  of  Kirkwood's  analogy ;  belts  of 

planetary  pairs.    June  21 ,  1876;  P.  xvii,  701-4. 

105.  Crucial  HarmonieE  ;  nine  confirmations  of  prediction.     Oct.  4,  1878, 

P.  xviii,  84-6. 

106.  The  limiting  constant  of  graTitation  :  new  method  of  identifying  the 

velocity  of  light  xiith  gravitating  force.  Oct.  16,  1878,  P.  xviii, 
41-3. 

107.  The  Philosophy  of  Christianity.     Feb.  7,  1879,  P.  xviii,  129-58. 
106.  Further  confirmations  of  prediction  ;  two  additional  evidences  of  har- 
monic solar  disturbance.    Feb.  21,  1879,  P.  xviii,  309. 

100.  Harmonies  of  Loc^yer's  ''Basic  Lines;"  the  fundamental  wave- 
length  representing  a  centre  of  spherical  gyration,  in  Earth's  re- 
action against  solar  action  ;  the  other  lines  all  harmonic.  April  4, 
1879.  P.  xviii,  224-6. 

110.  Spectral  estimates  of  Bun's  distance.     April  4,  1879.     P.  xviii,  2S7-0. 

111.  Correlationfi  of  mass ;  equations  between  masses  of  Bun  and  four 

outer  planets  ;  centres  of  various  nebular  influences.  April  4,  1879, 
P.  xviii,  229-32. 

112.  Approximate  quadrature  of  the  circle.     June  20,  1879,  P.  xviii,  281. 
118.  Apparent  semi-diameter  of  the  Bun,  and  nebular  origin  of  the  terres- 
trial day.     Bee.  1«,  1879,  P.  xviii,  380-1. 

114.  Velocity  of  light  and  Sirkwood's  analogy ;  five  estimates  of  the  velocity 

of  light  based  on  th€  Nebular  Hypothesis.  Jan.  2,  1860,  P.  xviii, 
425-9. 

115.  Controlling  centres  ;  various  estimates  of  mass  and  distance  according 

to  the  I^ebular  Hypothesis.     Jan.  2,  1880,  P.  xviii,  429-34. 

116.  Nodal  estimate  of  the  velocity  of  light.     March  19,  1880,  P.  xviii,  4-9. 

117.  Cometary  Paraboloids ;  comparison  of  planetary  i>oBitions  as  deter- 

mined by  inter-stellar  action,  with  M.  G^ussin's  geometrical  ap- 
proximations ;  stellar  approximations  the  closest.  April  16,  1880, 
P.  xviii,  18-20  ;  also  Comptes  Bendus,  19  Avril  and  3  Mai,  1880,  T, 
xc.  pp.  912,1061. 

118.  Cosmical  determination  of  Joule's  equivalent ;  correspondence  of  cen- 

trifugal *'lift,"  indicated  by  the  difference  of  polar  and  equatorial 
temperatures,  with  the  centripetal  fall  which  would  give  the  equa- 
torial velocity  of  rotation  ;  confirmation  of  Clarke's  disooveiy,  that 
the  molecular  volume  of  chemically  oombined  water  is  variable, 
while  that  oi  crystal  water,  or  molecularly  united  water,  is  invaria- 
ble.    April  16,  1880,  P.  xviii,  20-1. 

119.  Relations  of  Chemical  Affinity  to  Luminous  and  Cosmical  Energies : 

simple  ratio  of  mean  molecular  velocities  in  gases,  to  velocities  of 
terrestrial  rotation  and  revolution  ;  harmonic  wave-lengths  in  Vogel's 
hydrogen  andPaalzow's  oxygen-spectra.  April  16,  1880,  P.  xviii, 
21-5. 
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Stated  Meeting,  Novenxber  19, 1880. 

Present)  16  members. 

President,  Mr.  Fraley,  in  the  Chair. 

A  letter  of  acknowledgment  was  received  from  the  New 
York  Academy  of  Sciences,  October  23  (68,  75,  76,  79,  80, 
89,  97, 102, 104). 

A  letter  of  envoy  was  received  from  the  Royal  Dublin 
Society,  dated  September,  1880. 

Donations  for  the  Library  were  received  from  the  Mining 
Department,  Melbr)urne ;  Academies  at  St.  Petersburg  and 
Berlin;  Batavian  Society,  Harlem;  G^eographical  Society 
and  Revue  Politique,  Paris;  Revista  Euscara,  Pamplona; 
Nature,  London ;  Essex  Institute,  Salem ;  Professors  Brush 
and  Dana,  New  Haven ;  Franklin  Institute,  Historical  So- 
ciety, American  Numismatic  and  Antiquarian  Society, 
Editor  of  the  American,  and  Mr.  Henry  Phillips,  Jr.  Phila- 
delphia; Revista  Oientifica  and  Ministerio  de  Fomento, 
Mexico. 

The  death  of  Mr.  Henry  Wharton,  November  11,  at  Phila- 
delphia, ajfed  58,  was  announced  by  Mr.  J.  S.  Price,  and,  on 
motion,  Mr.  Jos.  B.  Townsend  was  requested  to  prepare  an 
obituary  notice  of  the  deceased. 

The  death  of  Dr.  Alexander  Wilcocks,  November  10,  at 
Philadelphia,  aged  62,  was  announced  by  Mr.  Price. . 

The  death  of  Prof.  John  Rudolf  von  Wagner,  at  Wiirtz- 
burg,  October  4,  aged  58  (born  at  Leipsig,  February  13, 
1822),  was  announced  by  the  Secretary. 

Mr.  Dubois  offered  the  following  from  his  note-book,  in 
the  U.  S.  Mint: 

•*  November  19,  1880.  Professor  Baird,  of  the  Smithsonian  Institution, 
brought  an  engraved  disk  for  examination.  It  was  found  in  Guatamala, 
and  at  first  view  it  seems  to  be  a  coin.  It  is  not  tliat>  however ;  the  lines 
and  figures  being  chased  with  a  graving  tool,  quite  too  slow  an  o[)eration 
for  making  currency. 

"On  one  side  is  a  wolf,  among  ti^cs ;  and  on  the  other  a  t)\pir,  l)ehind 
which  stands  a  man.    A  hole,  rudely  punched,  must  have  served  for  hang- 


*'Tho  nuM«uro$  Hr\»:  Diaiuoior,  1.4  Inch;  thickiuv^  Ts%  ihous.  of  «m 
Inch  ;  woijrhu  IS  J  ttmmuu'^  ;  sjv  jrr»  S.Si>» 

«  mixiun*  ot\\>p|H»r  aiu\  \Uu 
*•!?  Ih»{\w  !»*>mt»  lo^Umony  to  iht»  ciuuHiion  of  ih«  HU^n^^inaK  «uui  in  t4i*l 

"Mr.  )MinU))$ox(m>Q^M  lhco)>in(on  ik^i  Iho  i^knx*  was  iiol  much  mow 

Nfr.    Li^^^loy  oxhUntoil   and    desorUnHi    thnv    nuxieU  in 
l»  Of  tho  8ovon  Mountnuis  in  MiiidK^  IVnusylv^^nuu  j^ur^ 

i  Ot  the  8touo  Mouutnin  Frtult,  by  Mr.  OlmiW  R  BUlin. 

8.  Of  u  jvirt  of  tho  Muhllo  Authmoito  CVU  FJoKU  o\>n- 
Rtruotoil  fixuu  tho  tir^t  i*|Kvunou  s^hoin  nwp  of  tho  Authmoite 
8urvo\\  bv  Mr.  Churlos  A.  Ashburuoi\ 

The  muuitt>8  of  tho  hist  luootinjr  of  tho  IWM  of  Otfioew 
ftud  uienilKM^^  in  vHnmoil  woi\^  iwuUuiui  tho  foHowinjr  ro^olu- 
tion?»  woro  mloptoii : 

I,  f^f^i^is  Tlmt  iho  Sixnoiy  liAs  «o  i^nvor  to  mo^iity  Uu»  n\«u)iitioii;» 
im^TilHsl  by  iho  Uonor  (Mr.  MuJ^»U«uO  for  ihtp  avnuntuv):  of  ih«  MAgx>Uanic 
prciuiuuu 

d.  liV4v»iW*l»  That  iho  Uilr\t  iMiuliluMi  i^ixvUuW  Uio  AwanUu^  $«^ut 
)\rK^mhun  to  any  in^r^m  who  hji*  alixvuly  puMi^iluni  his  or  hor  \lis\Mvt*ry  in 
tak)n)S  out  A  )^tont«  aiul  who  is  nlii*>  n»WHr^UM  Uu»rvforhy  the  wuwo|vly 
omtVmHl  l\v  0\o  louorj^  intent. 

5t  R^itsu^i.  T\m  Chapter  Xll  of  the  Uy  Uxx^  Ih^  imntint  oil  Uw  Hy  le«a' 
of  moh  ttumU^r  of  the  PnxxHHliujts  vuuii  t\irtlu»r  or\lors. 

Four  othor  t\\<\>luti\>ttv^  iwonintondvMi  for  ivMisidomtiou 
woro  [x>ei*tix>tuHl  for  tho  ptvc^ont,  otio  of  thoiu  inx'x^lving  a 
chaitgo  in  tho  Hy^IiJiw^  und  txHiuirtnjf  <LH>rtttin  prolimiunry 
foritmlitio!^.    (800  Mtituto  UiH>k*) 

Pottiiittjr  noiuitmtiott:^  Xiv^*  900.  OiO,  Oil,  i^-*%  »ud  now 
notnitmtion«  Nos.  925^»  924^  92r>,  woro  ivtul^  tuui  tho  mooting 
wu$  tuljonntOii* 


1880.]  iu6  [Lesley. 

Notes  on  the  Models  Exhibited  at  the  Meeting  November  19,  1880.     By 
V  J.  P.  Lesley. 

These  models  were  made  by  and  under  the  superintendence  of  Mr.  Ed. 
B.  Harden,  Topographical  Assistant  of  the  Second  Geolosjical  Survey  of 
Pennsylvania,  and  form  part  of  a  collection  of  models  in  the  Museum  of 
the  Survey,  No.  907  Walnut  street,  Philadelphia. 

Each  is  constructed  on  one  and  the  same  vertical  and  horizontal  scale  to 
avoid  structural  distortion ;  but  the  scale  of  the  first  is  1  mile :  \"  \  that  of 
the  second  1600';  1"  ;  and  that  of  the  third  800'  :  1". 

The  model  of  the  Seven  Mountains  represents  a  district  of  anticlinals 
and  synclinals,  forty  miles  long,  extending  along  the  north  side  of  the  Kish- 
icoquillas  valley  in  Centre  and  Union  counties.  Parallel  anticlinal  ranges 
of  Medina  and  Oneida,  dying  down  eastward  into  Union,  and  westward 
into  Huntingdon  counties,  form  a  mountain  belt  between  the  Siluro-Cam- 
brian  lowlands  of  Kishicoquillas  valley  in  Mifflin  and  Snyder  counties  In  the 
south,  and  Pine  CreeK,  Brush  and  Nittany  valleys  of  Clinton  and  Centre 
counties  on  the  north.  The  broad  rounded  spurs  sinking  with  the  axis 
of  each  anticlinal  beneath  the  Clinton  red  shale  and  fossil  iron  ore  beds, 
are  finely  shown.  In  the  heart  of  the  region  the  anticlinal  mountains  split 
open,  and  show  long  narrow  deep  vales  of  Hudson  river  slate,  while  the 
synclinals  contain  long  narrow  strips  of  Clinton  red  shale. 

In  two  places  occur  diagonal  upthrow  faults  on  a  large  scale,  one  through 
the  Stone  Mountain  at  Greenwood  furnace  ;  the  other  (in  a  prolongation  of 
the  line  of  the  first  fault),  some  miles  further  to  the  northeast. 

Both  faults  have  the  western  portion  thrown  northward  and  backward 
towards  the  north  east,  as  in  a  diagonally  splintered  arm  bone  drawn  to- 
gether by  the  contraction  of  the  muscles  ;  and  this  structure  is  plainly  ex- 
hibited by  the  termination  against  each  side  of  each  fault  of  the  Medina 
mountain  crest,  and  of  the  Oneida  terrace  which  always  accompanies  it. 

The  model  of  the  Stone  Mountain  fault  shows  the  structure  on  a  large 
scale,  and  especially  the  slight  curves  at  the  ends  of  the  hypothetical 
straight  line  of  the  fault,  as  well  as  the  crushed  and  packed-in  condition  of 
the  red  shales  around  the  north-east  end  of  the  fault.  In  the  case  of  the  other 
fault,  there  is  a  much  greater  complication  ;  for  two  cross  faults,  at  the  two 
ends  of  the  main  slide  line,  parallel  to  each  other,  must  be  imagined  to 
satisfy  all  the  surface  conditions. 

The  model  of  the  Mammoth  bed  floor  in  the  Schuylkill  county  is  the  first 
of  this  kind  constructed  in  the  Anthracite  region.  There  is  a  model  of  the 
same  kind  in  the  Museum  of  the  Towne  School  of  the  University  of  Penn- 
sylvania, showing  the  floor  of  the  Pittsburgh  coal  bed  in  Somerset  county, 
Pennsylvania,  which  I  had  made  by  my  students  from  data  obtained  by  & 
special  survey  ordered  by  the  Board  of  Commissioners  of  the  Geological 
Survey  in  1875.  But  the  Anthracite  basins  are  deep,  steep  sided,  and  with 
their  separating  anticlinals  sometimes  overthrown  towards  the  north  and 
collapsed .    These  are  the  most  striking  features  of  this  model. 

It  also  exhibits  for  the  first  time  another  unexpected  and  very  important 
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fiMiuro,  vU :  Iho  keulo^lm)KHl  isi>lAtlo»  of  tUv  suUuxlinuu*  .^yndiUAls 
which  ridtf  u(xm  tho  cn*$ta  of  antioUuaU  at  thoir  euds.  In  fact,  the  viows 
which  we  have  hitherto  held  of  the  general  continuance  and  parallelism  of 
the  auh'hasina  rtHH>lves  here  a  nule  shock.  The  greatest  irregularity  prt*- 
vails  in  the  arrangement  of  tho  mutually  interlocking  suh-antlcUnals  and 
sub^ynclinals.  At  the  »uue  time  it  i«  mtv^t  interesting  and  satisfkctory  to 
see  Umi  in  this  resin^ct  the  dimpleil  atructurt>  4>t  the  brotul  and  shallow  hi 
tuminotta  liasina  is  rtHmnluced  in  the  mu'nnv  and  dtn^p  anthnicite  basdns. 

The  crushing,  sidewise  thrusting  action  tVom  the  south  against  the  An- 
thradte  coal  region  is  admirably  illustrateil  by  this  nuxlel,  which  is  only 
the  drat  of  a  series,  to  be  e\tende<l  lengthwise  of  the  Mahanoy  and  Shamo- 
kin  Held  as  the  GtH>loj;lcal  Survev  advantnv'*. 


Sfatttl  Meetiiuj.  IXvtniUr  8,  1880. 

PivMtlent,  Mr.  Kralky,  in  the  Ohair. 

Letters  of  envoy  were  iweive<l  ti\>ni  the  Royal  ObservH- 
tory,  Qremiwioh,  Deo*  1880  ;  ami  the  Bimnl  of  Commission- 
era  of  the  2d  (^eoloji^ioal  Stirvey  of  PetinaM  llarriabui^,  Nov. 
26, 1880. 

Donations  for  the  Libmrv  were  nHH>iveil  from  the  R. 
Accademia  ilei  Leneei,  Rome ;  Zoologiseher  Anzeiger,  Leifv 
aig;  Geogrtiphioa)  Society,  Annales  ties  Mines,  and  Uevue 
Politiqne,  Paria;  Society  of  Oommen^ial  Gei>jifiiiphy,  Bor- 
deaux ;  R.  AstnmomicAl  Stx*iety,  and  Nature,  London  ; 
American  Academy  of  Meiiioine,  and  Editors  of  the  Inter- 
national Review,  New  York ;  Acailemy  of  Natural  Scienoes* 
Medical  News,  Engineers'  Club,  Journal  of  Pharmacy,  and 
Qeo.  Hamilton,  M.  D.,  Phihi. ;  and  the  Uoanl  of  C^^mmis* 
aionera  of  tJie  2d  Gei">logiiud  Su!*vey  of  Pennsylvania. 

A  letter  from  Mrs.  Ilaldeman,  enquiring  tUn^ut  the  memoir 
and  relica  for  ilhiatration  bv  the  late  Pix>f.  Haldeman  wa« 
reiid,  and  on  nnotion  it  was 

R$$olt4d^  That  the  Curat ora  ho  authorixeil  ti>  dei>oait  tlie  iminls  on  which 
Uiaae  relica  are  artangeil.  in  the  Museum  of  the  Academy  of  Natural 
Sciences,  and  to  take  a  rtnxnpt  fUr  tho  same,  as  in  t)ie  ea^e  of  other  curioit- 
ties  iM^longinif  to  this  SiKnety  Uiero  de|K^ited. 


The  death  of  Pix)f,  Jos.  0.  Watson,  at  Madison,  Wis., 
Nov.  23, 1880,  aged  41,  was  announced  by  the  Seci*etary. 

A  communication  entitled :  "  Ou  the  Vertebrattt  of  the 
Wind  River  Eoceno  beds^  of  Wyoming.  By  E.  D.  Cope,*' 
was  read  by  title. 

Dr.  Koiiig  exhibited  two  specimens  of  silver  ore  tvonx  near 
Ouray,  in  Colorado,  of  unusual  intei^est  a*^  exhibiting  the  re- 
duced native  silver  and  also  the  asphalt  (enclosed  in  cal- 
cite)  by  which  it  had  been  reduced. 

The  Ti*eii8urer's  annual  report  was  read  and  I'eferred. 

The  Publication  Committee  reported  verbally  that  they 
had  approved  the  plates  for  Prof.  Ilaldeman's  Memoir. 

The  Committee  on  the  communication  x,  y,  z,  for  the 
Magellanic  Pi^emium  reported;  and  on  motion  the  following 
resolutions  were  jmssed : 

Re»olf>ed,  firstly,  It  appearing  that  the  (H)nimuuicatioii  of  x,  y,  z,  for  iho 
MageUanic  premium  rolates  to  mechanical  devices  not  immediately  i>er- 
taining  to  Navigation,  Astronomy,  or  Physics,  it  is  not  pn)per  that  the 
question  of  merit  or  worthiness  of  tlie  invention,  discovery,  or  improve- 
ment set  fortli  should  be  })a8S('d  upon  by  this  Society. 

Besohed^  socondly,  That  the  SecreUirios  bo  authorized  and  empoworeii 
to  allow  the  withdrawal  of  this  communication  by  any  person  who,  tliey 
may  l)ecome  satisfied,  has  the  right  to  withdn\w  the  same,  and  that  tho 
Secretaries  be  directed  to  assuiH)  such  person  that  the  Society  commits  itself 
to  no  opinion  in  any  way  derogatory  to  the  invention,  discovery,  or  im- 
provement, but  simply  finds  the  same  not  to  relate  to  the  subjects  pre- 
scribed by  Magellan,  or  those  U|)on  which  pixuniums  aix^  to  be  awarded. 

Pending  nominations  Nos.  909,  920  to  925,  and  new 
nomination  No.  926  was  read. 

The  resolution  offered  by  Dr.  LeCoute,at  the  last  meeting, 
was  then  considered,  and  there  being  pi^esent  the  lawful 
number  of  3  membere  of  the  Board  and  Council,  and  18 
members  of  the  Society  necessary  for  a  change  in  tlie  By- 
Laws,  after  due  public  notice  given,  was  unanimously 
adopted. 

R$$ohi>€d,  That  the  concluding  clause  of  the  first  paragraph  ou  pAge  17  i%( 
the  By-Laws,  ».  «.,  allaf^erthe  word  *'pi*emium  "  in  the  5th  line  of  that  page, 
be  struck  out,  and  the  words  '*  for  such  puri'K)ses  )U)  may  be  authorized  by 
ite  charter  and  laws  "  l>e  substituted  therefor. 


The  othor  \\nvK^  rosolutiona  iwonunoii<lo<l  to  tho  oon- 
^idemtion  of  tho  Sooioty  wore  on  iwiuost  again  postponed  to 
allow  tinio  for  the  nu»nibor!^  of  the  Sooietv  to  boooiuo  lietter 
acH^naintod  with  thoir  tenor, 

I.  Ii0sah0il,  Tlmt  tht)  luoinlH^ro  ot  tho  SiK'loty  bo  Inviuut  to  aond  to  Uio 
SfcrotturioH  tho  namei»  of  notahlc  disoovor«rA  in  t\uy  bniuch  of  bcIouco,  or 
tho  tlue  or  twofiO  arts,  with  tho  roasous  for  l)08to\VA)  of  nuHlaU  for  tlieir 
Oi»ci»vcrioH. 

d.  lUnok^d,  That  Huch  naiuoHaml  ix'cotniuoiulations  ho  piaoo<l  for  ix>u»iiU 
oration  in  tho  \\m\kU  of  tlio  l*iv»idont  to  n^iwrl  to  llio  Socioty  his  vonllot  )n 
(kvor  ot  ono  or  moro  of  thoin  if  proi)or. 

8.  /^«o<4^<^  That,  in  r»4«o  no  voto  is  placoil  by  tlu»  Socioty  on  auoh  vor- 
diet,  thow  «hall  Ih>  a  pi*oHontation  of  uunlals  totlio  iH'rson*  it>ooiniuoniUH\  by 
ti)o  Pit^Hiviont  at  a  titno  and  in  a  numnor  to  Ih)  arranjttHl  by  \\\\\\, 

And  the  nuHitinu:  was  adjournod. 


Stakd  Metihi(/,  Dtr.  17,  1880, 

Present,  10  niemhors, 

Vioi^PivBidont,  Mr.  Priok,  iti  tho  (-hair. 

Mr.  J.  B.  Towiwond  aoooptod  by  U*ttor  his  appouitinent  to 
preimiv  an  obituary  notice  of  the  late  Henry  Wharton. 

A  letter  iH>8{HH^ting  duplicates  wtw  i*eoeivod  frtnn  II.  B. 
Dawson,  Morrisattia,  N.  Y. 

A  oireular  was  reooivod  t'ix^ni  the  IVabody  Academy  of 
Scien(>e,  at  Salem,  Maas. 

Donations  for  tlie  Libniry  woiv  ivoeivod  tK^m  the  Asiatic 
Swiety  of  %Iaiuut;  tlio  BeiTm  Academy;  tho  VonMn  tlir 
Heionlerung  des  Oewei4)tloisses,  Berlin;  Zi>ologischer  An- 
«eigor,  Leipsig;  Naturhistorischos  Vorein,  Bonn;  Hevno 
Politique,  Paris  ;  Revistu  Kuv^kam,  Pamplona;  Natui^e,  the 
Nautical  Ahnanac  OfHco,  and  Di\  L\  Wtn.  Siemans,  Lon- 
don ;  U,  Dublin  Socioty ;  Yale  Oo11o4j:o,  atul  the  American 
Journal,  New  Haven;  Franklitt  Institute,  Commissionera  of 
the  Now  Public  Buildings,  and  Mi\  Henry  IMiillips,  Jr., 
Philadelphia;  Hon.  Lano  S.  Hail,  State  Piuntor,  Hurris- 
burg:  Johns  Ilopkitis  University,  Baltimon>;  U.  S.  GiH>- 
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logical  Survey  of  the  Territories;  and  the  Miuisterio  de 
Fomeuto,  Mexico. 

Two  pieces  of  slag  from  the  site  of  the  earliest  iron  ftir- 
nace  in  Virginia  was  presented  to  the  cabinet  by  Mr.  Phillips, 
for  Mr.  R.  Alonzo  Brock. 

Pix)f.  Cope  was,  on  motion,  permitted  to  withdraw  for 
immediate  publicuition  elsewhere  his  communication  on 
the  Vertebmta  of  the  Wind  River  Eocene  beds,  the  princi- 
pal features  of  which  he  described,  and  exhibited  the  lower 
jaw  of  £achi/opsi$  hiscitlens  in  ilhistmtion  of  the  extmordi- 
nary  character  of  these  fossils.  Of  40  sjiecies  studied,  26 
species  (and  8  genera)  are  new.  The  collection  is  specially 
important  as  placing  the  Wind  River  beds  (hyj)Othetically) 
between  the  Bridger  beds  above  and  the  Wasatch  beds  bo- 
low,  types  peculiar  to  each  being  found  mingled  in  it. 

Mr.  Lesley  read  extracts  fi\^m  a  letter  fix)m  Mr.  Andrew 
S.  McCreath,  Chemist  in  charge  of  the  St^ite  Geological 
Labratory  at  Harrisburg,  giving  an  analysis  of  a  pure  dolo- 
mite exposure,  in  mass,  in  Franklin  county. 

Harki8Bvrq»  Dec.  10,  1880. 
**  While  solectiug  sumples  of  the  iron  ores  In  the  Mt  Alto  district,  CoL 
WiestUug  siiowed  luc  a  limestone  quarry  or  opening  which,  on  one  of  your 
visits,  you  thought  was  (mrtly  unaltered  blue  carbonate  of  iron,  with  possi- 
bly  18  to  90  ["wr  cent  metallic  iron.  Samples  were  carelVilly  selected — ^801 
pieces  for  sample — and  analysed  with  the  following  results  : 

Carbonate  of  lime 51.748 

Carbonate  of  magnesia 43.486 

Carbonate  of  iixm (5H5  ^:  0,891  %  iron. 

Alumina 939 

Sulphate  of  lime • 04<) 

Pliosphate  of  lime 065 

Siliai 4.01W 

100.967 
**  Calculating  the  carlKHnites  of  lime  and  magnesia  to  100  parts  we  get 
the  fbllowing  as  com^>t(red  with  a  true  litliologicAl  dolomite  : 

.Sli  lory  Q  uarry,  M  t .  A 1  to.       Doloiut  to . 

Carbonate  of  lime 54.86  54.85 

Carbonate  of  magnesia 45.64  45.  (^ 

100.00  100.00 

••  I  find  this  extremely  inteiHjsting,  for  It  is  the  only  true  dolomite  I  liave 
yet  found  in  such  large  quantity  in  this  Stnte.*' 


Also  nouv  by  PrvU\  I.  0.  Whhis  A^j^t^  UtH>logbt  uiul  l*n>- 
tV?e>di>r  of  Natunil  lUstorv  in  the  Univorjitv  of  W^j<$t  Vir- 
ginia,  s&tating  his  ctniohisions  re8|HM>tiwjr  tho  distribution  of 
the  momlH>rs  of  the  Ci>ngKnnerato  in  Wt^torn  IVnnsylYanin^ 

\(r.  Lesley  oshibitoil  An  index  guagv  which  he  had  )md 
tH^nstrnototl  by  Messrs*  Young>  of  rhiladelphia-»  fi^r  the  use 
of  tlie  Survey,  and  showeil  a  small  toix^ifraphioal  nuxlel  in 
wax  which  had  l^een  made  by  metins  of  it. 

The  Treasurer  read  the  rejH^rt  of  the  iVnuuittee  on 
Finance, 

On  motion,  the  apjm^priatious  rei\^mmeudeil  by  the  C\>m- 
m  it  tee  were  j^asseiK 

The  rejH^rt  of  the  Trustt\*s  of  the  Ruilding  Fund  was  read 
bv  the  Treasurer. 

On  motion  of  Mr,  liCslov,  the  Committee  on  rublioation 
was  authoriKCil  to  issue  the  articles  publisheii  in  the  Tmnsac- 
tions,  sejiarately,  or  together,  at  their  discretion. 

And  the  nuvting  was  adjourne^l. 


With  rvgttn)  to  Ute  pkct>  of  this  nn^k  in  the  »oriosk  ^iHuit  which  ther« 
has  been  much  dirersity  ot'  upiuiou  among  ^Htlogidts,  I  havt»  to  ^y  ttiat 
my  study  of  it  and  its  asscK'ititiHl  rooks  during  tito  |>ast  stntson  In  this  dis« 
tri<»t,*as  well  its  in  Venango  and  Warren  counties,  to  the  easu  and  in  the 
State  of  Ohio  to  tlte  west,  has  dis|)ellei\  tlte  idea  tliat  I  at  one  titue  enter^ 
taineii  of  the  jHvssibility  of  its  iHMUg  the  Vt^pt^rtino  t\uigiotnerate,  or  No. 
X  of  Rogers,  and  has  ct>nflrmeil  lue  in  tite  (xv^ltion  thai  I  took  in  nty 
re|H>rtsQ  and  QQon  Beaver  and  T*ttwrence  t^mnties.  \\t :  timt  it  is  the  true 
liase  of  Nov  XII. 

It  way  l>e  of  interest  to  st^tte  liere  the  reasons  which  caused  iwe  to  enter- 
tain  such  a  |xissihility. 

It  hap(Hnieil  that  during  my  settson's  work  in  Mercer  county  in  '7^  I 
disco vereil  a  new  limestone  in  the  Mahoming  river,  only  aln^ut  50'  al>ove 
the  horizon  of  the  Sliaron  ConglomonUe.  and  nearly  100*  below  any  Unte 
stone  hitherto  known  in  Western  Pennsylvania.     It  was  ftlle<l  with  ft^slls 
and  some  of  thorn  seemed  to  be  ivlated  to  SulH^irlxmitVr^nts  tyi>es. 

*  These  note*  were  written  tW  the  U«*|H>rt  of  rnHrrt>s!«rtf  i ho  Survey  U\  Krte 
«ntl  OnwtV>»*»l  tHHuOlej*.   J,  l\  l,» 
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By  a  singular  fatality,  it  also  happened  that  the  supplemental  Report  of 
Prof.  Orton  on  the  Hanging  Rock  district  of  Southern  Ohio  came  into  my 
hands  at  about  the  same  time. 

It  is  well  known  that  in  the  Report  in  question  Prof.  Orton  takes  the 
ground  (in  which  he  was  also  sustained  by  the  Chief  Geologist,  Prof.  New- 
berry), that  the  Jackson  shaft  coal  of  that  State  is  of  Subcarboniferoua  age, 
since,  as  he  maintained,  its  place  comes  below  the  horizon  of  the  Maxville 
(Cheater)  Limestone  of  Andrews,  and  as  the  Maxville  was  placed  in  the 
section  about  100'  above  the  Jackson  sJiaft  coal,  I  supposed  there  cmild  be  | 

no  doubt  about  it.  • 

I  also  knew  that  wherever  the  Jackson  shaft  seam  was  placed,  the  SMron  I 

must  go  with  it,  since  the  general  stratigraphy,  the  flora  connected  with  each,  i 

and  everything  else  fouiid  in  connection  with  them  go  to  prove  that  they  J 

are  identical. 

Then  the  fact  that  Prof.  Orton  placed  the  Maxville  Limestone  the  same  dis- 
tance below  the  Zoar  Limestone  (=  our  Lower  Mercer)  that  I  had  found  j 
the  new  limestone  below  our  Lower  Mercer,  strengthened  the  supposition 
that  it  might  be  synchronous  at  least  with  the  Maxville.                                                              '•. 

And  in  order  to  bring  out  these  new  facts,  I  prepared  a  special  chapter  i! 

for  my  Report  on  Mercer  county,  QQQ,  entitled  '*  The  Place  of  the  Sharon 
Coal  in  the  Rock  Series, "  in  which  the  facts  were  given  that  seemed  to 
favor  the  view  that  the  Sharon  Goal  was  of  Subearboniferous  age,  and 
the  Conglomerate  below  it.  Vespertine. 

Before  the  volume  was  published,  however,  I  had  studied  the  matter 
still  farther  in  the  Cmwford  and  Erie  district,  as  well  as  elsewhere,  and  as 
before  stated,  saw  reasons  for  the  giving  up  the  probability  of  its  Subear- 
boniferous age.  I  accordingly  requested  Prof.  Lesley  to  suppress  the 
chapter  in  question,  as  its  publication  at  that  time  would  have  done  more 
harm  than  good.  Hence  QQQ  was  allowed  to  leave  the  press  with  Chap. 
VII  stricken  out.  In  the  meantime  Prof.  Orton  has  written  me  that  he  will 
have  to  give  up  the  position  that  he  took  in  Vol.  Ill,  of  the  Ohio  survey 
with  regard  to  the  Subearboniferous  age  of  the  Jackson  shaft  coal,  and 
with  that  abandoned  there  remains  so  little  evidence  that  the  Sharon  coal 
is  Subearboniferous,  that  for  the  x^resent  it  is  not  worth  serious  considera- 
tion. 

The  foregoing  explanation  is  relevant  in  this  connection  because  of  the 
currency  given  in  Prof.  Lesley's  preface  to  QQ,  to  the  views  expressed  in 
the  afterwards  discarded  Chapter  VII,  of  QQQ. 

But  while  it  thus  appears  that  the  Sharon  Conglomerate  is  the  true  base 
of  the  Carboniferous  epoch  proper,  it  must  also  be  remembered  that  like 
the  Sharon  coal  resting  on  its  top,  it  seems  to  have  been  a  deposit  peculiar  to 
the  northern  ri7n  of  the  Coal  measures,  everywhere  skirting  them  around  the 
north,  but  seldom  passing  far  south  under  them,  so  that  although  toward  the 
north  the  succession  is  definite  enough,  and  it  is  plainly  seen  that  the  Subear- 
boniferous rocks  end  with  the  base  of  this  stratum,  yet  toward  the  south  in 
the  absence  of  this  rock  the  Subearboniferous  beds,  with  their  fossils,  extend 
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up  to  the  base  of  the  8haron  coal,  and  in  the  absence  of  tliat  deposit,  also 
extend  to  the  very  base  of  the  Lower  Connoquenessing  Sandstone  which 
then  becomes  the  base  of  the  Conglomerate  series. 

Thus  it  is  that  in  passing  south  along  the  Shenango  and  Mahoming 
rivers  into  Lawrence  county,  the  GuyaJioga  a^a2tf,.andits  fossils,  are  found 
coming  up  to  the  base  of  the  Lower  Connoquenessing  Sandstone. 

It  follows  from  this  northward  distribution  of  the  Sharon  Conglomerate, 
that  the  marine  conditions  that  had  so  widely  prevailed  during  the  closing 
period  of  the  Subcarbonlferous  epoch,  so  far  as  Western  Pennsylvania  is 
concerned,  came  to  an  end  sooner  around  the  northern  margin  of  the  pres- 
ent coal  field  than  elsewhere,  that  to  the  south,  marine  conditions  continued 
to  prevail,  while  on  the  northern  beaches,  brought  above  or  near  sea-level 
either  by  greater  rising  or  less  rapid  subsidence,  the  Sharon  Conglomerate 
commenced  to  accumulate,  and  continued  to  do  so  during  the  long  time  that 
marine  conditions  slill  obtained  to  the  southward  ;  finally  however  the  in- 
cursion of  the  coarse  sediments  of  the  Connoquenessing  Sandstone  destroyed 
the  life  in  the  shallow  seas  southward,  and  so  far  as  we  know  this  put  an 
end  to  Subcarbonlferous  life  and  conditions  in  Western  Pennsylvania,  that 
had  already  been  forced  a  considerable  distance  southward  by  the  incur- 
sion of  the  disturbing  currents  which  carried  the  coarse  material  of  the 
Sharon  Conglomerate.  It  may  even  have  happened  that  still  farther  south 
along  the  Chestnut  Ridge  region  where  subsidence  was  greater,  that  the 
marine  conditions  of  the  Subcarbonlferous  epoch  continued  to  exist  until 
the  great  incursion  of  coarse  sediment  which  formed  the  Homewood  Sand- 
stone and  completed  the  Conglomerate  series,  and  this  indeed  seems  in  some 
regions  to  have  actually  been  the  state  of  affairs  since  in  Fayette  and  West- 
moreland counties,  Pa.,  and  in  the  adjoining  county  of  Monongalia,  W. 
Va.,  the  only  member  of  the  series  present  in  any  force  is  the  Upper,  or 
Homewood,  and  it  is  175'-200'  thick.  There  is  nothing  at  all  to  represent 
the  Sharon  Conglomerate  of  the  north,  and  the  interval  between  the  Urn- 
bral  Limestone  and  the  Homewood  Sandstone  is  made  up  of  reddish  and 
greenish  shales  Interstratified  with  green  sandstones  which  look  more  like 
Subcarbonlferous  rocks  than  any  representatives  of  No.  XII  that  I  have 
ever  seen.  And  in  fact  at  times  this  Homewood  Sandstone  itself  appears 
absent  or  in  little  force,  and  then  the  red  shales  of  the  Umbral  continue 
up  to  the  very  base  of  the  Lotnev  Productive  Coal  measures. 

Hence,  if  am  correct  in  this  interpretation  of  facts,  it  will  not  do  to  draw 
a  hard  and  fast  line  at  any  place  in  the  series  and  say  that  every  thing  above 
it  is  Carboniferous  and  everything  below  Subcarbonlferous  ;  for  as  well  as 
we  can  unravel  the  history  in  Western  Pennsylvania,  it  would  seem  that 
the  Sharon  Conglomerate  at  least,  was  in  process  of  formation  and  syn- 
chronous with  marine  conditions  prevailing  farther  south,  essentially  simi- 
lar to  what  had  existed  at  the  north  previous  to  the  change  in  conditions 
which  rendered  the  accumulation  of  that  mass  of  coarse  sediment  possible, 
and  that  subsequently  the  changed  conditions  at  the  north  were  carried 
farther  and  farther  south  with  each  great  incursion  of  coarse  material  until 
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finally  the  period  culminated  and  ended  by  the  spread  of  the  Homewopd 
Limestone  as  an  almost  universal  covering  over  Western  Pennsylvania. 

After  this  final  castastrophe  scarcely  any  of  the  life  forms  that  had  exist- 
ed before  the  accumulation  of  the  Sharon  Conglomerate  remained,  though 
the  process  of  extinction  and  change  had  been  progressive  toward  the  south 
from  the  beginning. 

On  this  theory  only,  so  far  as  I  can  see,  can  we  explain  the  results  at 
which  Mr.  Piatt  of  the  Survey  Corps  seems  to  have  arrived  from  the  study 
of  the  rocks  to  the  south-east  in  Jefferson,  Indiana  and  Armstrong  coun- 
ties, viz :  that  the  rocks  of  No.  XI  (Subcarboniferous)  extend  up  to  the 
base  of  the  Honiewood  Sandstone^  and  that  it  is  the  only  member  that  can 
be  properly  placed  in  No.  XII. 

In  such  localities  where  Subcarboniferous  conditions  seem  to  have  ex- 
isted until  the  epoch  of  the  Homewood  Sandstone,  or  top  member  of  the 
Conglomerate  series,  it  would  certainly  be  unwise  to  include  any  lower 
beds  in  this  series,  and  yet  it  seems  to  me  equally  wrong  to  draw  the  line 
along  the  base  of  the  Homewood  Sandstone  in  such  a  case  and  extending  it 
over  wide  areas,  call  everything  below  it  Subcarboniferous. 

It  is  a  question  of  time  against  conditions.    If  it  be  right  to  call  all  rocks 
Subcarboniferous  that  were  formed  everywhere  and  under  any  surroundings 
until  Subcarboniferous  conditions  had  closed  everywhere  then  it  would 
undoubtedly  be  correct  to  draw  the  line  squarely  at  the  base  of  the  Home- 
wood  Sandstone ;  but  under  the  broader  view  that  discards  cataclysmal  I, 
changes  in  the  Earth's  history,  and  recognizes  the  now  well  proven  fact  f 
that  almost  all  great  changes  have  been  gradual  and  progressive,  and  that  to  \ 
be  so  they  must  have  had  a  beginning  somewhere  in  the  midst  of  widely 
differing  conditions,  recognizing  this  principle  it  seems  to  me  there  should  <i 
be  no  hesitation  about  extending  the  line  downward  from  the  base  of  the  ; 
Homewood  Sandstone,  as  we  proceed  north,  under  the  feather  edges  of  , 
these  northern  Conglomerates,  until  we  reach  the  base  of  the  Sharon  Con- 
glomerate, even  if  this  latter  stratum  were  coetaneous  with  the  deep  sea 
that  prevailed  along  the  south  line  of  Western  Pennsylvania  duning  the 
Chester  limestone  epoch,  for  all  these  conglomeratic  sandstones,  from  the 
base  of  the  Sharon  to  the  top  of  the  Homewood,  were  formed  under  similar  i 
conditions,  and  the  Subcarboniferous  sea  at  no  time  returned  northward  to  i 
restore  the  life  forms  which  the  appearance  of  the  Sharon  Conglomerate  ;' 
had  driven  away  forever.     To  do  otherwise  than  this  would  be  eqilivalent 
to  classifying  the  marine  deposits  which  are  now  taking  place  along  the 
coasts  of  this  country  and  Europe  with  the  Cretaceous,  because  perchance  f 
Cretaceous  life  and  conditions  may  now  exist  in  the  deep  bed  of  the  At-  | 
lantic.  ; 

I  have  discussed  this  matter  somewhat  at  length,  hoping  to  throw  some  [ 

light  upon  and  help  to  harmonize  the  hitherto  confiicting  results  of  all  who  \ 

have  undertaken  the  study  of  this  question.     It  is  certainly  a  difficult  sub-  i 

ject  to  deal  with,  but  it  seems  to  me  that  we  have  now  got  hold  of  some  of 

the  threads  at  least,  out  of  which  the  true  history  of  the  fabric  can  be 
woven, 
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Mr.  Lesley  said,  in  presenting  those  notes,  that  he^oonaid- 
ered  every  field  geologist  entitled  to  the  oxpi^ession  of  his 
opinions,  but  that  only  such  as  worked  over  the  whole  field, 
and  know  precisely  all  the  facts  in  every  part  of  it,  would 
be  likely  to  see  a  clei\r  way  to  the  final  resolution  of  its 
difficulties.  These  difficulties  cannot  be  resolved  on  the 
Ohio  side  of  the  coal  field  alone ;  nor  on  the  Alleghany 
Mountain  side  of  it  alone  ;  nor  by  even  an  exhaustive  obser- 
vation in  the  north,  nor  by  an  exhaustive  discussion  of  them 
in  the  south.  If  there  be  "a  northern  rim  ''  to  the  ancient 
coal  field,  thei*o  must  have  been  an  eastern  and  a  southern 
and  a  western  one  also ;  and  no  genenilization  will  avail 
that  does  not  satisfy  the  data  all  around  the  compass — and 
in  fine,  also,  all  over  the  interior  area,  whei'e  unfortunately 
we  have  very  few  opix)rtunitios  for  study. 

These  difficulties  ai*e  set  forth  in  the  preface  to  Mr.  Piatt's 
report  II  5  on  Arn^sti^ong  county,  in  which  the  same  sug- 
gestion of  an  overlapping  of  the  upper  divisions  of  No.  XII 
is  made  which  Prof.  White  makes  in  these  notes.  But  it 
Is  there  shown  that  the  exhibition  of  No.  XII  along  the 
Alleghany  mountain,  and  in  Maryland  and  Virginia,  m 
well  as  in  the  northern  counties,  and  in  the  Anthmcite  coal 
region  of  our  own  State,  is  not  such  as  can  be  entirely 
i^xplained  by  the  suggestion ;  which  has  its  value ;  but 
which  must  bo  cautiously  followed  as  a  guide  in  classifi- 
cation. 

The  combine<l  labora  of  half  a  dozen  geologists,  all  equally 
oom()etent  as  observers  and  thoorizors — labors  pui*sued  unre- 
mittingly now  for  half  a  dozen  years — have  not  yet  8uffice<l 
to  pix)curo  all  the  light  we  need  to  have  thrown  on  the  syn- 
ohronomy  of  even  our  own  Pennsylvanian  Carboniferous 
and  Devonian  deposits ;  and  every  fresh  survey  in  a  new 
district  like  that  of  Mr.  Jones  in  Maryland,  and  that  of 
Prof.  Stevenson  in  Southwest  Virginia,  serves,  among  other 
things,  to  throw  doubt  uj)on  the  shifting  generalizations  in 
which  too  many  otherwise  Judicious  geologists  aro  prone  to 
indulge — revei^sing  the  diivetions  in  which  we  look  for  the 
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original  sources  ami  niaxinia  of  doi^osits— shorteuing  the 
radii  of  areas  of  violent  variations,  and  even  of  noncon- 
formability — t\nd  enibarnu^'^ing  the  best  laid  phxns  for 
restoriniit  the  state  of  things  in  ancient  days. 


2*hoiodif>MMit\^.     Bjf  IHit^ff  Kar(4  C7<<wr»   LLD. 
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T\\f>  goiieral  bvws  of  motion  Imvo  Ihhju  larjft^ly  studied  la  ctmiiootU>n 
with  the  8))ecla1  de|vvrnnont«  of  TlioruuHlynamics  aiul  EKHinHiynawlc^. 
Littlo  attention  h^is  been  {M\k\,  ci>n\i>*vn\tively  aiicakln^ir.  lo  the  much 
broader  field  of  Pholodvnuu\k»s, 

Sir  John  Horschel  showed*  that  the  elastic  forci*  of  the  alr»  In  it8  resist- 
ance to  ootnpresslon,  would  nniulr©  to  be  Increastnl,  '*  ♦**  pn^fiorthn  to  the 
ititrtia  i{f  it»  mokotU>.^,''  more  than  t»WH)»000.000,aOO  ft)ld  to  admit  of  the 
pro|)agatlon  of  a  wave  with  the  velocity  of  light,  and  that  this  unoriuons 
physical  torco  Is  i>eriH)tuany  exerted  at  every  point,  thtx)u,u;hall  the  Immen- 
slty  of  8i>aci\  He  also  8(\ldf  :  **  It  must  be  remembei^l  that  It  Is  TitoiiT, 
and  (hi  free  communkaUon  oftt  fri>m  tlte  r^motent  region  of  the  tmi>«rjid, 
which  alone  cun  give  and  doe^s  give  us  the  tissurauco  of  a  uniform  tuul  all 
))ervadlu|t  enerjiy."  We  have  no  tHjually  ix)8ltlve  evldcnw'of  the  direct 
transmission  of  boat  and  electricity  ftrom  the  heavenly  b^nlles,  and  Imw* 
much  Its  all  thermal  and  i'lectrlcal  phenomena  can  be  explained  by  loctil 
transformations  of  simple  i^uUant  energy,  the  tdiUosophlct^l  Im\sIs  of  Pho< 
tA.xiynamk's  apinnirs  to  be  better  groundetl  than  that  of  either  Thei^mmly- 
ntunics  or  Electrwlynamlcs, 

In  l8tUl  I  begiin  a  series  of  genoinil  kinetic  InvesllgiUlons,  In  continua- 
tion of  views  which  may  Ih>  expressed  by  the  following  genenU  pivstulate  : 
AH  phifsical  fihenomt'iM  urt  due  to  an  Omnfprei^ent  Pturft\  actitig  in  wajfn 
«rAiVA  mtfjf  be  represented  bff  hannonie  or  c^dicai  undHlatiom  iw  an  elaMie 
metUum^    In  my  tlrst  i^iper^  I  showeil  the  lm|K>rtance  of  the  f^ndan)enU\l 

iKtuations  r    -  ^^ ;  /*  —.  *  the  modufm  of  r ;  in  which  t  represents  the 

time  of  cosmlcal)  molecular,  or  atotnlc  rt>tation,  and  5/  rept*esents  the  ac« 
wleratlon  of  a  central  fortx*. 

By  combining  these  equations  with  consldenitlons  derived  ftvm  the 
e<|uaUty  of  ehuatlc  actions  and  auictlons  ptxtportloned  to  mass,  and  f^xnu 
tendencies  to  ixnisorvation  of  atxnis,  I  found  that  the  dally  and  annual  flue* 
tuatlons  of  the  btrometor  furnish  harmonic  indlctUlons  of  Sun's  m»\88  and 
distance*  and  I  annountHnl  my  wnfident  exixH^tatlon  t>f  other  >\stronomlcal 

•  Kamlltar  l.iH>ture.s  on  Sol<»ntlrto  SulKJocts.  pp,  a8K'» 
tl*roc.  Am.  Thlt.  Sih\,  vol.  Ix,  pp.  3sa-S» 
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voriflcations  or  rocliflciitionfi  by  means  of  varying  pre89iux38.  *  In  the  follow- 
ing year  I  introduced  tlio  iiyi^olliosis,  whidi  has  since  beon  largely  dovcl* 
oped  i)y  Edlund»  tliat  electricity  coneiats  simply  of  ivtheival  vlbnUions.t 
In  conflrmntion  of  this  hyt)othosis»  I  showed  that  many  of  the  phcuometta 
of  terrestrial  magnetism  can  l)c  produced  by  simple  mechanical  vibrations, 
resembling  those  of  the  atmospheric  currents  which  arise  fk'omtheoom- 
bined  action  of  terrestrial  rotation  and  thermal  convection.^  In  connec- 
tion with  these  investigations  I  called  attention  to  the  imi)ortance,  and 
some  of  the  probable  consequences^  of  mdial  and  tangential  oscillatlonK 
moving  with  tfte  mpiditjf  of  <tV/Ar,g  and  of  their  bearing  upon  "the  phe- 
nomena of  light,  heat»  electricity,  polarity,  aggregation,  diftXislon,  meteor- 
ological changes,  seismic  tremors,  crysUillixation,  stmtlflcntion,  chemlcHl 
action  and  gotiend  morphology.") 

My  discovery  of  numerous  numerical  relations  between  gmvity  and  mag> 
netism,  for  which  the  American  Philosophlc^d  Society  awarded  its  Magel- 
lanic medal,  led  me  to  seek,  in  the  maximum  manlfestivtlons  of  gmvitatlng 
force,  the  correlation  of  gravity  with  other  forms  of  energy,  for  which  Fara- 
day**  had  looked  c<mfldently  but  In  vain.  The  greatest  gravitating  force  In 
our  system  and,  therefore,  the  greatest  of  which  we  have  any  direct  and 
l)Ositive  evidencts  is  at  Sun's  surface,  where  material  imrticles  are  subjected 
to  such  oscillations  as  may  arise  fh)m  the  contlicting  centrlpcUvl  energies  of 
Holar  attniction  and  of  the  resultant  attraction  of  all  other  cosmlcal  bodies. 

In  applying  the  f\indamental  equation,  11   •      ,  at  Sun's  surface  or  the  lo- 

0U8  of  maximum  gravlUUion,  I  found  that  the  equality  of  action  and  reac- 
tion, as  shown  by  the  sum  of  the  solar-centnvl  gravitating  reactions  against 
the  sum  of  the  gravitating  actions  towards  the  centre  of  the  solar  system, 
in  the  cyclically  alternating  thrusts  and  pulls  of  half- rotation,  is  r^prr- 
i^tnidd  by  tks  vcloi^tty  of  li(fht,\\  This  discovery,  together  with  the  Iden* 
tlfloHtion  of  the  same  velocity  as  a  factor  of  elect ro-magnutlo  action,  which 
was  completed  and  confirmed  by  the  investlgalions  of  Thonison  and  Max- 
well, brought  all  physical  phenomena,  cosnilcal  }vs  well  as  molecular,  within 
tlie  domain  of  Photodynamics. 

The  molecular  phenomena  may  be  readily  connected  with  the  t^osmlcal, 
through  the  correspondence  between  Challis'M  laws  of  molecular  action  ^nd 
the  laws  of  attraction  and  rotatlon.^^  They  f\irnish  grounds  for  estimating 
Sun's  mass  and  disttuice  by  moans  of  the  explosive  energy  of  hydrogen  ;|^$ 
for  diswvering  some  of  the  suboixlinato  elements  of  planetary  armngo- 
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mom  !*  Tor  a  matUt^aMtu^l  Oeiluctioa  of  Uie  r»Uo  (1.4^9:^^  between  the 
mMn  rM  rira  of  gassous  volume  ih$at  nmUr  eoiulanl  voinmi^i  Hud  Uie  «i> 
Wr<i  of  unifbnu  velocity  (A««il  tmcf^r  foiMl4iiil  prt^itHrif)  x\  for  flmliug  an 
ideaUty  of  law  in  luminous  and  planetary  nodes  4  ^^^  *  co$n\ical  determi* 
nation  of  Joulo*s  equivalent  ;§  and  for  connecting  Uie  molecular  velocitice 
of  gaseous  particles  with  the  velocities  of  terrestrial  rotation  and  revolu> 
tion.| 

Although  many  of  the  stellar  motions  indicate  the  prolmbility  of  gravita  * 
ting  actiou»  in  other  systems  than  our  own  and  between  difft>rent  s}*stems»  no 
direct^  positive  and  measurable  evidence  of  such  action  has  yet  been  found. 
Gravitating  and  elastic  forces  may.  however,  be  numerically  compared, 
through  the  c«>mmon  equation  of  wave  and  orbitnl  velocity,  <>  =  i  S  jjrA,  in 
which  A  represents  the  height  of  virtual  fhll  which  would  give  the  required 
velocity,  or  ^  the  height  of  a  homogeneous  atmosphere,  or  ^  the  radius  of 
a  circular  orbit,  or  the  focal  distance  in  a  parabolic  orhlt«  In  consequence 
of  tlie  tendency  of  nodal  points,  in  any  vibrating  elastic  meilium,  to 
produce  harmonic  vibrations  and  harmonic  nodes  of  various  kinds,  we 
may  reasonably  look  for  such  nodes  as  results  and  evidences  of  inter^tollar 
action. 

Among  tlie  ^*arious  gravitating,  |^ralK>loidal  and  harmonic  wave  influ* 
ences,  which  have  been  instrumental  in  world  building,  the  following  seem 
s|>ecially  noteworthy : 

a.  The  princi(Ml  centre  of  nucleation  in  the  si>lar  system,  which  is  repre* 
st»nted  by  the  Sun. 

5,  The  principal  ciMitre  of  ci>ndensation,  which  is  representetl  by  the 
fi.^rth ;  Mercury's  secular  t>erihelion  Iwing. 3074,1  and  the  secular  aphelioix 
of  Mars  l)ein«  1.73(>4$,  the  middle  of  the  dense  lH>lt  of  planeU  is  1.016m» 
whidi  is  midway  between  Barth's  mean  distance  and  mean  aphelion 
1 1 .03387). 

/».  The  princii^il  nebular  centre  of  the  system,  which  is  represented  by 
Jupiter's  mean  aphelion  ;  Neptune,  the  aphelion  planet,  being  30.033811,  and 
Uranus,  its  corres)¥>nding  perihelion  planet,  l>eing  11>.  18358.  the  nebular 
centre  is  5.43514.    Jupiter's  mean  aphelion  is  5.43735. 

.J.  Tiie  linear  centre  of  oscillation  of  a  solar  diameter  (|),  which  gives  ) 
radius  as  a  directrix  of  i>arabi>loidal  influence,  and  |  nuiius  i\s  the  abscissa 
i»f  the  |)anUioloidal  vertex. 

«.  The  ratio  (}^*,  Itetween  the  solar  central  Ibrce  at  the  tuimltoloidal  ver- 
tex and  the  corres^xnuling  force  at  Sun*s  eiiuatorial  surface. 

C.  Theratioofdissixjiativesulwidenci*  I     *^'*    l.    If  we  take  the  radius 

Vh+1/ 

of  a  nebula  as  a  fXindament^d  ntxie,  the  veUx^ity  which  would  lie  acquireil 
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tib.  xtv,esi. 
:  lb.  xvn,  i«>-i2. 
I  lb.  xviu,  awi. 

» lb.  xvlll,  2UV 
T  The  values  iire  t»ikon  rvom  st»K*k\v.»ll,  N»N«l'^.t«»«i(«»»  r>mhN^»rttmxt.  ^i<a. 


by  u  body  iu  fulling  ftH>m  a  distance  nr  to  any  other  dlstauco  «  may  bo 
found  by  the  oquationi  vdp   -  gr^Jt  -*<(  (wr— »r) ;  integrating  and  reducing, 

(  3  ^r  (Mr  —  .r)  )  * 
f  =   -x  --    S*    Iflhla  velocity  is  due  to  a  svnehronlam  of  activity. 

(  «.»  ) 

l)etwocn  nebular  cH)nden8iitiou  within  any  given  atellar  systuin  and  |)arabo)ic 

'  nr  -  X  nr 

|m>jection    between    dtVerent  systems,  r  —  |  2yr ;       ^^      -\\Jr — ^      -^ 

n         *^ 
r.  If  w  ..:  a,        -"-  "  .    This  corresiwnds  with  the  cenln*  of  linear  os- 
'  H  4-  1     a 

dilation  ;  it  Is  also  the  Uh^us  of  bolt  formation,  on  account  of  the  oolllsion 

of  subsiding  (mrtides  tV«>m  op|)oslto  extremities  of  a  nebular  diameter.    In 

such  subsidence  there  would  be  a  tendency  to  form  confocal  elliptic  orbits,^ 

^r 
with  nu\)or  axes  ot       and  minor  axes  of  r  |  ii. 

0,  In  rupturing  or  explosive  oscillation,  the  n*  etra  of  wave  pro)>aga- 
tlou  is  I  of  the  ti»  rim  of  oscillating  |>artlcles.t    This  relation  was  sulkne- 

quently  pointed  out  by  Max  well,  ^  api>ai*cntly  without  being  aware  that  I 

had  called  attention  to  it  five  years  previously. 

L  Harmonic  nodes  with  the  nUlo  J,  U\  Indicate  tlie  primary  division  of 
the  solar  system,  as  may  be  seen  by  the  following  com^Hirlsons,  In  which  r^ 
represents  Sun's  mdlus  : 

ThtM)rotioal.  Dbvsorvinl. 

O'*  fV :  -     81  r^  Mercury                 8{1.05  r« 

0»  r^  1^   730  r„  Asteroid  70           731.37  r« 

9*  To  -:  6551  To  Neptune,  s.  a.^  65)16.01  r^ 

II.  The  Influence  of  subsidence  [r^),  at  the  outer  surlkces  of  the  two 
primitive  belts,  Is  shown  as  follows  : 

Tht»<>rotli^al.  obHorvinl. 

I  Neptune  =r  30.0326  Untnus,  m.  a.,    30.0443 

I  Mars       =    1.0158  Earth,  m.  a..         1.0889 

We  have  aliHHidy  seen.  (.^),  that  the  middle  of  the  bolt  of  greatest  con> 
densation  Is  1.0160. 

III.  The  Influence  of  rupturing  oscillation,  {0),  at  the  Inner  surfkoes  of 
the  two  primitive  belts,  Is  equally  evident. 

ThiH)i*otlwil.  iU)«orv#d. 

I  Mercury  r=     .696778  Venus,  m.  p.,      .606770 

}  Jupiter    ■-  0.3650  Saturn  0,5889 

The  oscillating  limits  of  all  |)ortlons  of  the  Jupiter  lM»lt  an»  within  the  S»t- 
turnian  belt. 

♦  Pfoo.  Am.  Phil.  SiHV,  xvn,  JW-I09. 
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IV.  The  iutluonco  of  paraboloidal  directricos  ami  vertices.  («y),  Is  iniuii> 
feated  in  each  of  the  primitive  belts  : 

i  Mars       =.=      .3804  Mercury  s.  p.    .8974 

I  Neptune  -  .   5.0008  .  Jupiter  m.  p.  4.0783 

J  Neptune  =  10.01188  Saturn  m.  a,  10.00006 

The  piiralmloidal  vertex  for  tho  whole  Neptunian  belt  is  within  tho 

Jupiter  belt. 

V.  By  intrtxluoinit  Laplaw*8  limit  of  t^osv^ible  8olar  atmosphere^  (L  =n 

:W.86fo).  and  the  ratio,  /   "    |»  of  the  fXindamontal  velocity  (^^\  to  the 

(Hirresponding  i>anil>olio  velocity  f  J,  \ve  find  the  following  simple 

V-  I    3  / 

iHiuation  of  solar  and  planetary  harmonic  action  at  the  centre  of  prln- 

,     ,         ,         ,         /I  year  Sun*s  semi  diameter    \  *         n*     ^  , 

Hpal  condensation.    (^i'd»y   ^  Barth's  somUxis  nuvjor)    "=3-    ^'"* 

gives  Earth's  seml-asis-miOoi*  "-=  314.54rg. 

VI.  The  otmiblned  intluenoe  of  tH.'ntres  of  nucloatlon,  (a)i  and  of  nebu- 
losity, (/^),  at  the  centre  of  condensation,  (^),  leads  to  the  following  sim> 
pie  harmonic  estimate  of  Sun*s  mass  and  distance. 

Eartli*s  semi-axls  mi^or  being  3l4.54rQ.  the  leverage  of  the  (varaboloidal 
directrix  is  (31454  4-  ]^  =)  314.87ro,  and  the  mean  leverage  of  Jupiter  is 
(5.808708  —  1)  X  314  54ro  -  •:  00l.068388ro.  Multiplying  by  tlie  ii»spectlve 
masses,  we  obtain,  for  the  ratio  of  Sun's  comi)arative  disturbing  force  at 

*  1047.870  X  314.87 
the  direct  ri.\    and  at  the  t*entre  of  condensation,     ,    *  ^^  6083^8     " 

349.713.     The  superflclal  ncxial  force  (t)  being  I  as  great,  we  And,  fl>r  Uie 

latlo  of  Sun's  U)  Earth's  sui^erflcial  gnwity,  ^'    -       J^  .  37.710.     If 

we  (|eslgnate  su|)erflcial  gravity  by  g,  volume  by  K,  density  by  f/,  and 
mass  by  tn,  it  is  evident  that  r  oc  {ff  id);  V  oz  Cv  :  rf)' ;  moc  [^  i  <!*) ; 

^k        ....^    »»«        /37.710\* 
fi  QC  (ff    h  »•).    Hence  we  readily  get  ^     -:  ,35533;  ^^    -    I  <i553jj/    - 

T        37  710 
387,807;    ^^  =   2,5533  ~  108.71;  Earth's  semi-axis  major    -  314. 54r„  :^ 

314.54  X  108.71  X  8003.8  miles  >=  03,438,000  miles. 

VII.  The  solar  modulus  of  light,  (M  =  088.83^^,^  Atrnishes  the  thinl 
element  of  the  parabolic  projection  which  is  indicated  by  the  f\tndamontal 

equation  r  =  2*    '^^^^  three  elements  are  all  photmlynamlc,  vix  :   1.  The 

gt 
locus  (r^)  of  luminous  action  which  makes  j.  e<iuivalent  to  the  velocity  of 

light :  3.  The  locus  (LI  of  orbital  half-ivvolution  which  is  synchronous 
with  solar  half-rotation,  the  synchronic  time  Iteing  determined  by  the 
velocity  of  light;  B.  The  Ukus  (M)  of  radial  luminous  progression  during 
the  same  synchronic  time  of  solar  half-mtntion  ;  M  is  al^o  the  altitude,  In 

•  Mre.  'VI.,  Ill,  M7. 
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the  ^llKUluouuU  iMiuution  A     =    ';*  .   <>f  Sun's  homop^'iUHHis  wlherotU,  or 

Hght-|m>nftjpUli\Ktttmosphort\  The  values  of  L  aivi  M  an^  found  as  Ibllows : 

The  moan  time  of  H^lit-pro()agatlon  tnnw  Sun  to  Earth  l)oing  407.8d7 

secomts,  the  veU>clly  of  light  /f  \  l8  9l4.54i\,  ?  407.837  ^^  .4800«ro ;  1^  = 

'  ^'  '^^   '    805.350  X  80400     "  ' '*^^^*^^''^^^'^'«  **  ^''«-"  ^  '^'  *'  '*'-  -00000030144f„: 
^      .  r.     :    g,     -.  lUXWa-i    HOiM   L         Sl4.54r,    :     /    »m»f%Voar  \*  ^ 

A       ^'  "       \nowm5  8oe./ 


«) 


a0.80r„ ;  M     -  f    ^  J  »*u    ••  474400r^. 


CO 


VIIL  By  intriHiuolnp  the  ratio  of  dissociative  «ub8klonce.  ^C).  with  tlie 
genenil  ot^uatlon  x^  ==  ?)?•*{?**•  we  find  a  series  of  ))aral)olotdal  altsclssas 
whioh  Ci>mplote  the  photmiynamio  demonstration  of  a  luirmonio  uoilal  ao- 
tion,  uniting  the  solar,  planetary  and  stellar  systems.  Take  for  the 
middle  abseisstVi  }L,  and  for  the  limiting  abscissas  of  oontri|>etal  action,  ^r,, 
and  LM  ?-  r«.  The  relative  fi«  eif*i,  or  the  locus  of  projection  against 
uniform  resisuinoe.  of  the  linear  centre  of  oscillation  of  L,  is  ^L;  (fo  ^^  ^^<^ 
IHiraboloidal  vertex  ;  LM  •  i-  r^  bears  the  same  ratio  to  M  as  L  to  r^*  If  we 
take  18  successive  altsclssas  on  each  side  of  the  middle  abscissa,  the  loga- 
rithms of  )j  and  f  can  be  rtnuUly  found  by  the  e<iuation  • 
Log.  s  .-  :  log.  i  =  —.778151. 

Log.  c  +  l«  log.  1^  +  801  log.  J  .  -  log.  J  L     •  1.908453. 
Log.  *  +  88  log.  ij  4.  1444  log!  Z    "  !<>«'  I^W    -  7.980880. 

Of  these  89  abscissas*  9  are  lH>tween  the  vortex  and  ^Vf,,  the  loous  of  solar 
dissociative  subsidence  (^);  9  are  Inn  ween  ^  r,,  and  L  ;  Oai^e  between  Land 
the  locus  of  reciprocal  action,  which  will  be  prt^sontly  explained ;  9  are  bo- 
twet»n  the  reciprocal  locus  and  LM   :•  r^. 

Tlie  40th  absolsmi  is  40iyv8000ro.  (log.  40858000  vr  7.0H0079).  This  I's  In 
the  region  of  ti\e  tlxed  stHl>^  and  at  the  prolmble  Imnis  of  a  CsfifauK  the 
four  most  rtTcnt  estimates  of  Its  distance  mnglng  lietween  45840000r«) 
and  48479500rj,.  Both  In  the  centripetal  and  centri(\ig»\l  branches  of  i>ara- 
lH)loidal  action,  19  of  the  absclsstis  an>  between  Sun's  centre  and  surfttoe  ; 
9  are  between  Sun's  surlkw  and  the  planet^iry  ri'glon  ;  9  are  In  the  })laue» 
tary  n^gion  ;  9  at^e  between  the  planotitry  n^glon  and  a  CVntauri. 

Dividing  the  planetary  abscissas  by  914.54,  in  ortler  to  itKiuoe  them  to 
terms  of  Karth's  somiaxls  msjor,  we  tlnd  the  fbllowlng  aciH>iHlancew^ : 

Centrt}>-  t'^entrtf- 

M.      otAt  ai>-         PlAuotto\v  tool.  rt,      uiriU  ut>-  Ph^netary  U>cK 

91  .9095  i  Metcury          .1985  —91  .9494  Mercury  s.  p.  .9974 

99  .8089  I  Venus              .8017  —99  .4809  Mercury  m.  a.  .4555 

98  .0459  J  Karth  m.  p.    .0441—98  .7890  Venus  s.  a.  .7744 

94  1,1788  JMars              1.1494—94  1.4899  Mars  m.  p.  1.4089 

95  9.2080  jAsten)ld55    9.908t)  -95  9.7179  Asteroid  45  9,7900 
90  4.9489  I  Jupiter          4.8857  —90  6.9000  Jupiter  5.9098 

97  8.8078    J  Saturn  8.1709—97  10.4790    S»\turu  8.  a.         10.8488 

98  10,9809     J  Umnus         10,7857  —98  91,8009    Unuuiss.  a.        90.0799 
•J9  85.1598     5  Neptune       J15.0895  — 99  44.7839    J  Neptune  m.p,  44.5985 
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Both  in  the  centriiietal  and  in  the  centrifbcpal  abscissas,  Neptune  indicates 
a  reciprocal  action,  as  if  tnmi  a  Joint  solar  and  stellar  tendency,  the  solar 
pre(K>nderatinjQ;.  The  centripetal  co-cfflcient  ({)  is  reciprocal  to  that  of 
Saturn  (f),  Saturn's  orbit  embracing  the  primitive  centre  of  rotating  Iner- 
tia for  the  planetary  portion  of  the  nebula  ;*  the  centrifugal  coefficient  (^) 
Is  the  reciprocal  of  Earth's  centripetal  co-efficient  (J)«t 

All  the  centripetal  abscissas  represent  loci  of  nebular  subsidence*  (C)^ 
which  would  communicate  velocities  equivalent  to  the  corresiK>nding  solar- 
stellar  ()arabolic  velocities. 

All  the  centripetal  abscissas,  except  Earth's,  correspond  most  nearly 
with  mean  planetary  loci ;  Earth's  al>scls8a  represents  mean  perihelion,  or 
the  mean  locus  of  maximum  velocity,  which  is  also  the  locus  of  belt  forma- 
tlon  ()^ )  In  a  nebula  extending  to  Earth's  mean  perihelion  distance.  This 
may  accx>unt  for  the  number  and  simplicity  of  the  harmonic  relations  which 
I  have  pointed  out,  between  Sun's  mass  and  distance  and  barometric  pres- 
sure, heat  distribution,  terrestrial  magnetism,  thermodynamic  tis  viva,  ter- 
restrial gravitation,  eethereal  and  atmospheric  Inertia,  specific  gnwlties, 
explosive  energies,  terrestrial  rotation,  lunar  distance,  lunar  revolution, 
planetary  eccentricities,  cosmlcal  masses,  nebular  a>ndcnsatlon,  dissociation 
and  aggregation,  spectral  lines,  thermal  equivalence,  atomicity,  chemical 
affinity,  velocity  of  sound,  and  velocity  of  light. 

Since  these  results  are  derived  fVom  the  hypothesis  of  equal  gravitating 
and  asthereal  action  and  reaction,  we  may  infer  that  the  density  of  the 

lumlnlferous  aether,  at  Sun's  surface,  is  i-Jl)   of  the  Sun's  density,  or 

/5.5  X  .*«5585  ^     778       \  1  ,  .     .      ,       ^,    ^ 

V"  '474460»       ^  .0698  =>>  6821000000000  ^^^^®  ^^^^^^^^  of  hydrogen. 

•  Proo.  Am.  Phil.  Soo.  xl!,  405  j  xvlU,  481. 
tSeealBOIb.  xvlil,231. 
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Stated  Meeting^  Janwcay  7, 1881. 
Prcj>«ent,  8  members.     , 
President,  Mr.  Frilet,  in  the  Cljair. 

Letters  of  acknowledsTncnt  were  read  from  the  Morgan- 
landiacbe  Ge«ell:<4iaft,  Halle  a.  S.,  Xov.  80  (100  to  105 ;  list), 
and  from  Prof.  J.  J.  Steveiu^m  (IW;. 

A  letter  rerjue^-ting  ex<*hanrrcft  was  received  from  M. 
DeMilloQX,  Director  of  the  Musee  Guimet,  Lyons.  On 
motion,  it  waa  referred  to  the  Committee  on  Publica- 
tion with  power  to  act. 

A  request  from  the  AUmny  Institute  for  Xo.  101  to  com- 
plete a  set  was  allowed. 

Donations  for  tlie  Library  wore  received  from  the  Huseian 
and  Belgian  Academies;  tho  Flora  Batava;  the  Geos^raphi- 
c*il  Societies  in  PariH  and  Bordceaux,  Tendon  Astronomical 
ind  Meteorological  Societies  and  Nature,  Nautical  Almanac 
of  Spain,  American  Journal  of  Mathematics,  Silliman's 
JoumiLl,  Dr.  G.  W.  Hawcs,  the  Wenleyan  University,  New 
Jersey  Historical  Sf>ciety,  Pennsylvania  Board  of  Agricul- 
ture, H.  C.  Baird,  H.  C.  Lewis,  IL  Phillii«,  Jr.,^0.  T. 
Maaon,  and  Smithsonian  Institution. 

An  obituary  notice  of  Peter  McCall,  was  read  by  Mr. 
Henry  Phillips,  Jr. 

Notes  on   Photodynamics,  were  read  by  Professor  P.  R 
Chase, 
raoc.  AiiBii«  Fniix>8.  soc.  six.  108.  !2a.    rniNTED  febbuabt  21,  1881. 
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A  note  on  tho  protection  of  oil-tanks  fix>m  lightning; 
stroke,  by  B,  Howard  Rami,  M,D.,  was  conimunioated 
through  Dr.  Greono. 

Extracts  wero  read  from  letters  of  Harrison  Wrijajht, 
rh,D.,rosjM?oting  the  Permian  shells  discovoi^ed  in  the  highest 
strata  of  the  Wilkesbarre  anthracite  basin  by  Dr.  Charlie 
F.  Ingham,  and  iH3ferred  to  by  him  in  his  fortlicoming  His- 
tory of  Luzerne  county. 

The  discovery  by  Prof.  Spencer,  of  King's  College,  Nova 
Scotia,  of  a  buried  channel,  following  Umnd  rivor,  deep 
enough  to  permit  the  preglacial  dminage  from  Northwest 
Pennsylvania  and  Western  New  York  to  pass  across  Lake 
Erie  and  ])ass  round  into  the  head  of  Lake  Ontario,  was  de- 
scinbed  by  Mr.  l^esley,  and  its  importance  insisted  upon. 

A  ooloivd  model  of  the  preglacial  channel  of  the  Clarion 
(Allegheny)  river  in  Armstrong  county,  Pennsylvania,  was 
exhibited. 

A  colored  MS.  map  of  parts  of  Lee,  Wise  and  Scott  coun- 
ties, Virginia,  by  Prof.  J.  J.  Stevenson,  was  communiciUod 
for  the  Proceedings.  It  continues  (westward)  and  in  jHvrt 
corrects  the  colored  geological  map  of  Scott,  Russell  and 
Tassewell  counties,  by  J.  P.  Lesley,  published  in  Volume  X 
of  the  Proceedings,  1872. 

A  small  map  of  Pennsylvania  was  exhibited,  colored,  to 
show  the  progress  of  the  Geological  Survey  sinci^  1874. 

The    report  of  the  judges    of  the  annual  election   was 

read,  declaring  the  following  officers  duly  elected  for  the^ 

ensuing  year:  r 

PresidenL 

Frederick  Fraley. 

Vi(Y-Prmden(s, 
Sli  K.  Price,  E.  Otis  Kendall,        John  L.  LeConte. 

Seere(arie9. 
Pliny  E.  Chase,      George  F.  Barker,       Daniel  G.  Brinton, 

J.  I*.  Losloy. 

Cunifora. 
0.  M.  Ci^esson,         Henry  PhiHijwi,  Jr.        George  II.  Horn. 


i«8i,j  213  [Phmip8. 

TYeasurer, 
J.  Sergeant  Price. 

Councillors  for  three  years. 

Daniel  R.  Goodwin,  W.  S.  W.  Ruschenbcrger, 

Henry  Winsor,  William  A.  Ingham. 

The  meeting  was  then  adjourned. 


Obituary  Notice  of  Peter  McCall    By  Henry  Phillips,  Jr. 

{Bead  brfore  the  American  Philoeopkical  Society,  January  7,  1881.) 

The  life  of  a  lawyer  whose  heart  was  not  hardened  by  the  arduous 
duties  of  his  career,  but  which,  through  threescore  years  and  ten,  never 
failed  to  respond  to  the  calls  of  humanity ;  who  passed  along  earth's  path> 
way  from  the  cradle  to  the  grave,  untainted  by  sordid  ambitions  or  ignoble 
aims ;  in  whose  footsteps  it  would  be  an  honor  to  tread,  whose  approba- 
tion would  be  a  hall-mark  to  those  fortunate  enough  to  win  it — the  life  of 
such  a  man  is  not  written  in  sand.  Such  a  man  is  an  honor  to  his  profes- 
sion and  to  his  city.    Such  a  man  was  Peter  McGall. 

Peter  McCall  was  born  in  the  city  of  Philadelphia,  on  the  81st  day  of 
August,  A.  D.  1809,  and  departed  this  life  at  his  summer  residence.  Over- 
brook,  near  Philadelphia,  on  the  80th  day  of  October,  A.,  D.  1880.  He  was 
descended  fVom  one  of  the  oldest  families  in  Pennsylvania,  an  account  of 
whose  genealogy  is  given  in  the  Shipi>en  Pai)ers,  edited  by  Mr.  Thomas 
Balch.  His  father,  also  named  Peter  McCall,  intermarried  with  Sanih 
Gibson,  of  whom  were  born  John  Qibson  (born  1804,  married  at  Tampico, 
Dofia  Josefa  Bcccerra),  Charles  Archibald  (born  1806),  Anna  Maria  (born 
1807),  and  Peter,  the  subject  of  the  present  sketch. 

Mr.  McCall's  education  was  commenced  in  Philadelphia,  and  completed  at 
Princeton,  where  he  graduated  with  distinction  in  the  cltvss  of  1826.  He  then 
began  the  study  of  the  law  in  the  office  of  Hon.  Joseph  R.  Ingersoll,  sur- 
rounded by  fellow  students,  who  all  in  later  years  rose  to  high  legal 
eminence,  and  some  of  whom  have  occupied  the  judicial  station.  Pursuing 
his  studies  with  zealous  assiduity,  he  was  admitted  to  the  Philadelphia  Bar 
on  the  first  day  of  November,  A.  D.  1830,  and  fVom  that  day,  until  a  few 
months  since,  when  Inci^aslng  infirmities  compelled  him  to  relinquish  the 
practice  of  his  profession,  his  career  of  usefulness  was  untiring  and  unceas- 
ing. Had  he  lived  but  one  day  longer,  he  would  have  completed  a  fVill  half 
century  of  active  work,  an  event  which  the  Law  Association  of  this  city,  of 
wiiich  he  had  been  for  years  a  prominent  member,  and  in  which  he  had  held 
the  office  of  Chancellor  from  1873  to  the  day  of  his  death,  was  preparing 
to  celebrate  in  an  appropriate  manner.  Upon  the  walls  of  Its  library  hangs 
an  excellent  portrait  of  Mr.  McCall,  imlnted  by  Uhle,  which  a  few  years 
since  was  presented  to  the  Association  by  the  Chancellor's  former  office 


Aludontm  Hl«  pnHU>fi»8«(>r»  in  timt  honomblo  ixxnlilon  \\m\  nlwnya  )>wn 
likt"  him^oir,  mf«i\  of  tho  hljthoitt  muk»  whtK^c  names  tho  lawyers  of  thf 
f  nilre  land  \vt>i*e  aoruaiomod  to  uttor  with  v<»nemUon,  n^j^iHK^t  and  wtooni ; 
lUwUs  I)n)Hmrfau,  Sori^oant-,  Hinney,  In)tt>niol1  and  Moit>dUh.  Namoa  to 
Xw  handed,  with  tho  boHt  tnulitlons  of  the  Bar,  dtiwn  to  it«  latest  days. 

In  1846,  Mr.  MrCall  marricni  Jane  Hyni  Meitxns  at  Cedar  Park,  Woat 
Biver,  Maryland,  the  rt^aldence  of  her  father*  t\>K  John  MertH»r.  Of  this 
marrla)^  wero  Imrn  Catherine,  John  MeiXH^r,  Kdlth  (nn^rried  to  Dr,  John 
M.  Keating,  of  this  city),  Gertrude,  lilehard  Cadwalader,  Uobert 
Kemhle,  Jano  Bynl  and  Mary.  Of  these  chl]dix>n  only  the  youngest 
daughters  survive,  to  mourn  >vlth  their  mother  their  great  loss.  During 
tho  years  18a7,  la^U  and  1870,  Mr.  MeCall  traveled  in  Kuroi^e,  storing  his 
mind  with  the  rich  harvests  of  Old  World  knowledge,  while  enjoying  a 
brief  n^s|>ito  Hxim  his  anluous  lalmrs. 

Although  no  )M)lUiolan,  in  the  now-adays  stully  abused  slgnltloatlon  of 
the  term,  Mr.  McCall  always  felt  deep  Intei^st  in  the  pmgivss  t)f  public 
aflairs,  and  never  shrank  fhnu  accepting  such  duties  as  it  plenstnl  his  fellow- 
dtlKens  to  call  upon  him  to  undertake.  He  sat  in  the  Councils  of  the  City 
fl>r  several  terms,  and  in  1844  was  elected  Mayor  of  the  City,  as  tho  candi* 
date  of  the  Whig  lurty,  detVatlng  by  a  large  vote  funnel  Badger,  the 
Democratic,  and  K.  W*^.  Keyser,  the  Native  Anxerlcan  candidate.  Tills 
was  to  Mr.  McC^ill,  a  great  oompUtnent,  |>aid  in  a  time  of  strong  )>olltical 
excitement  by  the  dtlxens,  who  undersUHKi  and  appreciated  sterling  honor 
and  Integrity. 

On  the  18th  day  of  April,  1851,  he  was  chosen  a  member  of  our  Society, 
but  owing  to  the  continual  pressure  of  other  duties,  never  took  an  active 
part  in  our  labors. 

He  was  for  many  years  one  of  the  Trustees  of  the  University  of  Pennsyl* 
vanta,  in  whoso  law  scIum)1s,  he,  until  cimitMvratively  recently  Ullod  the 
chair  of  pniotici\  pleading,  and  evidenci^ 

Mr.  McCall  was  ft>r  a  time  a  member  of  the  Vestry  of  Christ  Church 
(Protestant  KpisiH»|ml),  and  also  Wartlen,  but  afler  long  and  faithful  ser> 
vices  rendered  by  him  to  the  oause  of  religion  and  of  tlie  Church,  In  the 
early  days  of  tho  war,  his  wnneotlon  with  it  c^une  to  an  end. 

While  the  public  rei^ml  of  Mr.  McCall*s  life  Is  mainly  that  of  a  profes* 
sittnal  man,  yet  he  was  a  eultunnl  scholar  of  rt^tlned  tastes  tmd  givat 
attainntents.  Hut  he  very  nu^ely  permitted  himself  to  be  seduced  by  the 
fascinations  of  the  lighter  sciences  U\m\  the  pursuit  of  the  life-long  duties  to 
whioh  he  had  deiUcaied  his  cai\^er.  He  knew  that  the  law  was  a  Jealous 
and  exacting  ml^^trevHs,  in  whoso  servUH>  thoix^  ct>uld  bo  no  loitering  by  tho 
wayside  t»r  stepping  from  tho  beaten  tmck  tt>  cull  tlie  Ilowew  of  lllemry 
success  i  that  It  rtniulrtnl  the  devotion  of  a  lifetime,  sharing  no  divided  at- 
tention, brooking  no  divided  en\i>lre.  The  chief  ociMisions  ui>on  which 
Mr,  McC^ill  would  permit  his  lliorsry  talents  to  be  obsorvod,  wen»  in 
obituary  addix>sses  upon  decetisod  uiemboi's  of  our  Bar,  which  he  delivered 
by  request,  ti\nn  time  to  tinus  In  accoixlanco  with  tho  kitully  usivge  of  tho 
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professioB,  and  his  special  gifts  of  eloquence  and  good  taste  oU  suoli  occa« 
sions,  were  always  exhibited  to  great  advantage. 

He  delivered,  however,  ^ome  orations,  which  have  been  published,  and 
are  all  distinguished  by  a  vigorous  and  elegant  style,*  clear  thought  and 
polished  judgment. 

Prominent  in  Mr.  McCall's  character  were  bis  kindliness,  gentleness  and 
loving  heart.  As  Judge  Hare  well  remarked,!  "he  was  one  of  those  exr 
ceptional  men  whom  Mature  seems  to  have  formed  for  virtue,  and  who  are 
endowed  by  her  with  graces  which  others  derive  only  from  education,  or 
tlirough  the  influences  of  philosophy  and  religion.  His  distinguishing 
cliaracteristics  were  singleness  of  purpose,  an  entire  purity  of  heart  and  life, 
a  gentleness  that  neither  took  nor  gave  offence ;  a  charity  large  enough  to 
embrace  all  mankind  ;  an  instinctive  aversion  to  whatever  was  low  or  base  ; 
an  intuitive  perception  of  the  line  of  right..  *  *  »  *  He  was  in  short 
one  in  whom  the  various  attributes  of  goodness  were  so  nicely  blended  in 
a  harmonious  whole  that  he  seemed  less  than  he  really  was ;  and  it  may  h^ 
said  of  him,  as  it  was  of  Washington,  that  he  would  have  been  greater  in 
the  world's  eye  had  he  been  less  virtuous.'* 

In  his  earliest  life  he  had  set  before  himself  a  standard  of  virtuous  excel- 
lence to  which  he  proposed  to  attain,  and  below  which  he  should  never 
descend.  He  wrote  in  his  diary  upon  the  nineteenth  anniversary  of  liis 
birthday,  "The  prospect  is  fair.  May  it  never  be  clouded  by  dishonor  or 
the  consciousness  of  having  done  an  ill  deed.'* 

Throughout  all  the  trials,  great  and  small  of  daily  life,  he  remained  true 
to  his  principles,  the  ideal  advocate,  the  man  of  honor,  the  accomplished 
gentleman. 

He  was  a  bold  man,  strong  in  the  consciousness  of  rectitude,  and  not  for 
all  the  world  could  give,  the  smiles  of  friends,  the  pleasures  of  power,  did 
lie  ever  for  an  instant  hesitate  to  obey  the  dictates  of  his  conscience,  re- 
gardless of  the  penalties  to  be  paid  for  his  independence.  "  He  was, faith- 
ful to  his  convictions  of  truth  when  such  fidelity  cost  dear.  *' 

It  would  not  be  proper  that  I  should  consume  so  much  of  the  time  of  onv 
Society  as  would  be  really  requisite  to  delineate  Mr.  McCall's  life,  and  I 
must  close  with  this  imperfect  sketch  of  the  main  features  of  his  career. 
But  I  leave  it  with  the  less  regret,  knowing  that  to  the  accomplished 
hand  of  Isaac  Hazlehurst,  the  life-long  friend  of  Mr.  McCall,  has  been 
entrusted  by  the  Law  Association,  the  duty  of  preparing  a  memorial 
address,  and  I  am  sure  that  his  eloquent  pen  will  do  justice  to  departed 
worth ;  that  he  will  not  fail  to  suitably  commemorate 

"That  best  portion  of  a  good  man's  life, 
'*  His  little,  nameless,  unremembered  acts 
'*  Of  kindness  and  of  love." 

*  November  2Uth,  1832.  Annual  discourse  before  the  Historical  Society  of 
Pennsylvania. 

.fanuary  -Ith,  1838.  Oration  before  the  Zelosophlc  Society  of  the  University  of 
Pennsylvania. 

September  dth,  1838.    A  discourse  before  the  Law  Academy  of  Philadelphi;!.' 

t  Bar  meeting  held  on  November  4, 1880. 


lUml.]  -^16  [Jun.  T. 

you  on  thi  Frotisiion  of  Oil   Tank$  from  fAghining  Strol:4,    By  i?. 

{RMd  btfor$  the  Am$rifttn  PhU9ophfeal  ^^o<Wy.  Januarjf  7,  1881.) 

TIte  IVequency  of  tho  IgiiHlonH  of  tho  conlontii  of  tanks  \»ed  for  storing; 
niinoml  oil,  with  tho  concomltAnt  tU>Htruetloi\  of  pro|H>rty  and  )lfo  hiis  ut> 
tmctiHl  nuirh  attontlou.  Tho  Bug({08iions  lui  to  tho  moans  of  prevention 
havo  boon  rnido. 

It  l8  n)y  |>\ir|H«o  to  offer  a  th(H>ry  as  to  tho  cause,  and  a  means  of  arold- 
tng  the  nildchlef. 

An  alr-tlght  tank  of  metal,  or  one  sheatlunl  with  metal,  would,  If 
fllleil  with  crude  rock-olU  or  even  with  hnv^e  jtuni>owder,  ho  9n\U>  ft'om 
damaj^  (ttm\  llKhtnlng  Rtroko.  It  would  bo  no  more  In  danger  of  tho 
Uumderbolt  than  a  lo^r^cabln  similarly  sltuate<l.  If  struck  It  would  escape 
unharmeil.  Tho  late  l*roft*S8or  Clerk  Maxwell  sugge«ited  the  protection  of 
powder* magaxlnes  by  sheathing  them  with  metal.  l*rt>le8sor  Talt  reoiun. 
mends  tho  Investigator  of  the  so^ct^lled  Uxll  or  globe-lightning  to  wear  a 
•ult  of  light  copiH^r  armor.  It  would  Ih>  safer  to  add  a  thorough  ground 
connection.    This  c<uild  l>e  made  In  most  ci^os  to  the  pipes. 

As  tho  level  of  the  oil  In  the  tanks  must  vary  with  the  rate  of  tho  Intlow 
and  outflow  through  the  pipes,  openings  are  necessary  to  allow  tho  egress 
or  Ingress  of  air.    Thoi^e  may  be  occivmIou  to  11 1\  the  lid  at  times. 

From  tho  necessary  oi^enlngs  and  leaks  around  tho  lids,  tho  light  hydro- 
oarlK>n  raiH^ura  esoaiun  These  mingling  with  tho  air  form  an  explosive 
mixture  llko  tho  flrt>*damp  of  mines,  which,  if  Ignited  at  a  distance  of  oven 
hundreds  of  feet,  will  tmvel  l)ack  and  set  Are  to  the  contents  of  the  tt^nk. 

To  proTont  this  I  suggest  that  the  nect^sstiry  vent-holes  bi^  prt)tected  with 
safety  tubes  at\er  the  plan  of  Ilemmlng's.  or  with  several  layers  of  tine  wlro 
gauze,  strong  enough  to  resist  any  prolmble  bi^akli\g  by  mechanical  shocks 
These  should  bo  protected  tVon\  dust  and  wot  by  loosely  Uttlng  oovers. 

On  the  approach  of  a  thunder-storm,  the  outflow  should  l)e  checked,  so 
as  to  avoid  an  Indraught,  which  we  so  well  know  will  render  useless  In 
many  ct\ses  the  pnUeotlng  metallic  mesh. 

Where  moveable  covers  ai*o  used,  they  should  have  the  ordinary  seal 
iwed  In  telescopic  gas-holders.  GlytH^rlne  In  the  seal  Is  rttctunmended  )\s  It 
d(H>s  not  ova|H)rate  and  Is  not  atfected  by  changes  of  tempemture  within 
the  limits  of  ordinary  atmospheric  fluctuations. 

When^  It  Is  necessary  to  Intnuluce  chen\lcal  agents  In  tho  prt>ceas  of  re- 
fining, tho  woll  known  st^f(«ty  tmps  should  Ih)  useil. 
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Stated  Meeting^  January  21, 1881. 
Pit^sent,  12  members. 

Vice-President,  Mr.  Eli  K  Price,  in  the  Chair. 

A  letter  of  envoy  was  received  from  the  Central  Observ- 
atory, St.  Petersburg, 

A  letter  of  acknowledgment  was  received  from  Prof.  L. 
Rutimeyer,  Basel,  dated  Jan.  1, 1881  (104, 105). 

A  circular  was  received  from  the  Census  Bureau. 

Donations  for  the  Library  were  received  from  the  Statisti- 
cal Bureau  at  Stockholm;  the  Geographical  Societies  of  St. 
Petersburg,  Paris  and  Bordeaux;  Herr  E.  Reyer,  of  Wien ; 
Zoologischer  Anzeiger,  Leipsig;  Revue  Politique,  Paris; 
Academia  dei  Lincei^  Rome ;  Revista  Euskara,  Pamplona ; 
Naturo,  Journal  of  Forestry,  and  Chemists'  Journal,  Lon- 
don ;  Mr.  Thos.  Henry  Thomas,  Cardiff,  Wales ;  Canadian 
Naturalist,  Montreal ;  Boston  Society  of  Natural  Histqry ; 
Franklin  Institute,  Medical  News,  Journal  of  the  Medical 
Sciences,  Journal  of  Pharmacy,  Mr.  Henry  Phillips,  Jr.  and 
Mr.  Franklin  B.  Qowen,  Philadelphia;  Wyoming  Historical 
and  Geological  Society,  Wilkes-Barre;  Commissioner  of 
Education, and  Departmentof  Engineers,  Washington;  Cali- 
fornia Academy  of  Sciences,  San  Francisco ;  Soci6ta  de  Geo- 
graphica  y  Estadistica,  Revista  Cientifica,  and  Ministorio  de 
Fomento,  Mexico. 

The  death  of  the  Rev.  Humphrey  Lloyd,  D.D.,  of  Dublin, 
Jan.  17, 1881,  aged  80,  was  announced  by  the  Secretary. 

A  geological  reconnaisance  of  parts  of  Lee,  Wise,  Scott 
and  Washington  counties,  Va.  by  J.  J,  Stevenson,  with  six 
amall  cuts«  and  the  colored  map  (mentioned  at  the  last  meet- 
ing) was  presented, 

Mr.  Lesley  was  elected  Librarian  for  the  ensuing  year. 

The  following  members  wore  placed  upon  the  St^mding 
Committees : 
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E,  K.  Price, 
llonry  Winsor. 


mil. 

S.  W.  Roberta, 
J.  S,  Price, 
W.  A,  Ingham. 


J.  L.  LoC\)nto, 
D,  G.  Brinton, 
R  ThoTuaon, 
C.  M.  Croeson, 
O-  II.  Horn. 


E.  K.  Price, 
a  P.  Krauth, 
R.  S.  Kendoniino, 
E.  J.  Houston, 
11.  Philliiie,  Jr. 


The  annual  reading;  of  the  list  of  surviving  membera  was 
po6tix>ueil. 

Pending  nominations  No«.  909;  920  to  926  wei^  road, 
spoken  to  and  Imllottetl  for ;  on  scrutiny  of  tlie  ballot  boxen 
by  the  presiding  officer  the  following  were  declared  duly 
elected  members  of  the  Society : 

Lewis  S.  Ware,  of  Philadelphia* 
Josejvh  Lovering,  of  Oambridgt^,  Mass. 
Charles  G.  Ames,  of  Philadelphia. 
Edward  Y.  McC5auley,  IT.  S.  N. 
Addison  May,  of  West  Chester,  Pa. 
Joseph  J.  Lewis,  of  Wwt  Chester,  Pa. 
Henry  Carvill  Lewis,  of  Gorraantown,  Pa. 
Dr.  Charles  Stewart  Wurts,  of  Philadelphia, 


And  the  meeting  wt^  adjourned. 
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A  OedogiMl  RBConnai9Mne€  of  PitrU  of  Lo^  Wise^  ScoU  and  Washing- 
ion  CoHnH$9t  Virginia,  By  John  J,  Siiftomon,  ProfU$ar  of  Geology 
in  th$  Unitersity  of  the  Ciiy  of  Ifito  York.  (  With  «t>  wood  cuti  afhd  a 
cohr$d  map,) 

{Btad  b^or4  thi  American  Philoiophieal  Society,  January  31, 1881.) 

h^troduetion^ 
I.  Ocneral  Hnicturc  of  the  area  ;  dCicripOon  ofihcfaulic, 
II.  Oonoral  dcttcription  of  the  eeveral  gmupn. 

III.  Geology  of  the  area  drained  by  Powell  river* 

IV.  Geology  of  the  area  drained  by  Clinch  Hver* 
V.  Geology  of  IA«  area  drained  by  Iloleton  riter. 

In  a  former  memoir,*  the  writer  described  a  small  part  of  Lee  and  Wise 
counties*  and  gave  some  casual  observations  respecting  a  part  of  Scott 
county.  B.xamlnation  of  a  larger  area  has  shown  that  two  serious  errors, 
due  to  too  ready  acf^eptance  of  information  respecting  localities  not  visited, 
occur  in  that  memoir,  and  has  led  also  to  a  change  in  opinion  respecting 
the  structure  of  Stone  mountain. 

The  counties  examined  occupy  the  extreme  souU^west  corner  of  Vlr* 
ginia ;  Lee  being  in  the  angle  Itetween  Kentucky  and  Tennessi^e,  with 
Wise  adjoining  it  along  the  Kentucky  line,  while  Scott  and  Washington  He 
next  along  the  Tennessee  bonier. 

The  surface  is  broken  by  rudely  parallel  mountain  ranges,  separated  by 
narrow  valleys,  Tlie  distance  along  the  shortest  line  fVom  the  city  of 
Bristol  to  the  Kentucky  border  is  barely  fifty  miles,  yet  in  following  Unit 
line  one  must  cross  Walker,  Brushy  and  Clinch  mountains ;  Moccasin, 
Copper  and  Buckner's  ridges,  Powell  mountain,  Wallen*8  and  Poor  Valley 
ridges,  Stone  and  Black  mountains.  Several  of  these  ridges  are  single,  and 
have  abrupt  slopes,  while  others  are  compound,  and  their  slopes  afford 
grades  not  too  difficult  for  wagons. 

The  area  between  the  Great  Valley  of  Virginia  and  Moccasin  ridge  Is 
drained  by  the  Ilolston  river ;  that  l)etween  Moccasin  ridge  and  Powell 
mountain,  by  Clinch  river ;  and  tliat  Iteyond  Pow<iU  mountain  to  the  Ken- 
tucky line,  by  Powell  river.  The  Clinch  and  Ilolston  unite  to  form  the 
Tennessee  river,  and  Powell  river  enters  the  former  at  not  far  (torn  Knox- 
ville.  Of  these  rivers,  the  Powell  rises  within  the  an»a  examined  ;  the 
others  have  their  sources  far  beyond  toward  the  north -etist. 

A  narrow  strip  of  this  region  along  the  Kentucky  boixler  has  boon  ex- 
amined by  Mr.  P.  N.  Moore,  of  the  Kentucky  Oeologicjil  Survey,  and  a 
summary  account  of  his  observations  is  given  in  the  re|H)rts  of  that  Survey, 
Vol,  IV.  Prt>f,  Lesley's  work,  as  descrllwd  In  his  memoir,!  is  slightly 
overlapped  by  the  writer's  examination.  The  whole  region  was  oxsminett 
during  the  survey  under  Pix)f.  W.  B.  Uogei*s.    One  is  compelled  to  I'egrel 

•  H^ml  bon>ro  this  8iwl€>ty,  August  ao,  1S«). 
t  Prooopaings  of  this  Society,  IHT'J, 
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thai  the  reports  of  that  survey  arc  so  rara ;  since  the  map  preparetl  by 
Prof.  Rogers  and  publlsheil  In  **Tho  Resources  of  Virginia,*'  shows  that 
the  structure  waa  adininvbly  worktnl  out.  The  faults  are  dearly  shown  on 
Umt  ma|\  ami  the  dldtlnotlon  between  the  HmeHtoni^of  the  Lower  Uarbonif* 
erousanil  the  Lower  SUurlan  was  determined  accurately,  though  at  that  time 
Uiere  was  little  aside  fW>m  physical  characters  to  depend  on  ft>r  identiflca« 
tlon.  When  It  is  remembered  that  the  n^glon  was  even  more  thinly  settleit 
(hrty  years  ago  than  It  is  now.  one  may  not  refValn  fVom  acknowleilglng 
the  skill  and  (mtience  wlUi  which  the  structure  was  workeil  out  at  that 
early  day. 

To  obtain  the  material  given  In  this  memoir,  one  section  was  fallowed 
fh)m  Black  mountain  almt>sl  dlnn^tly  to  Bristol ;  a  second  from  Penning* 
ton's  gap  In  8tone  mountain  to  the  Tennessee  line  by  way  of  Bstlllvllle 
and  Moccasin  gap  through  Clinch  mountiilns ;  shorter  sections  were  (bl- 
lowtHl  across  Mmx^asln  and  Oop))er  rldgt^s ;  while  several  of  the  Hiults  were 
iblloweil  A)r  fhmt  ten  to  twenty  miles,  Ne<x>s8tirily,  many  intert^stlug 
details  were  neglected,  and  some  ^XMnts  of  Importiuice  wew  left  undeclde<l» 
as  the  object  of  the  reci>nnaissance  was  punOy  economic. 

No  map  worthy  of  the  name  exists,  and  that  acctmipanylng  this  memoir 
ts  liaseil  on  the  old  8tate  ma)\  made  In  1895.  Some  gross  to))ographlcal 
ernirs  have  been  corrected  pixrtlally  ;  others  remain,  which  interfere 
•erlouftly  with  a  pro|>er  presentation  of  the  geology  :  but  to  correct  these 
would  Involve  a  complete  recttnstructlon  of  the  whole. 

I.  QKNICRAT4  Structuiik  of  thk  Aura. 

The  structure  Is  moniKllnal,  and  the  prevailing  dip  Is  toward  the  soutlw 
east.  The  one  exception  is  in  the  artni  between  Black  mountain  and  the 
summit  of  Powell  mountain.  whert>,  as  will  be  shown,  a  cntcked  anticlinal 
exists.  In  |vi\sslng  fVom  Black  mountain  to  the  Valley  of  Virginia  at 
Bristol,  one  crosses 

1.  The  fault  0f  Poor  VMey  ridge. 

8.  Th4  Walkn  mtlUjf  fault 

3.  Th$  PaUompilh  fault. 

4.  Th4  HuHt$r  pall^iffauU,  or  CUneh  rmr  uplift  of  iMUy. 

5.  Theftult  of  Cofip^r  cretk. 

6.  Th0  fault  of  Ms  North  l^rt  of  Jfohton. 

7.  The  fault  of  Walker  fnouhtam. 

Black  mountain  Is  a  rude  mass,  which  owes  Its  origin  solely  to  ert>slon. 
It  Is  tl»e  dividing  rldgt^  between  the  waters  ot  the  Cumberland  and  those  of 
Powell  and  Clinch  rivers.  Its  course  Is  Irregular  but  bears  west  want  and 
southwanl  until,  at  a  little  way  west  (Vtuu  Pennington's  g»\p  in  8tone 
mountain,  it  unites  with  the  latter  ridge.  The  only  rticks  exixised  In  this 
mountain  are  thtjse  of  the  Coal  Measurtv**,  and  their  dip  Is  northwanl,  or 
north  north-west.  To  want  8lone  mountt^ln,  the  dip  suddenly  Increases 
until  In  that  rldge  It  lH»(H>mes  almost,  and  at  some  plaa\*»,  wlwdly  vertical. 

^'<^*#»s  mouutain  is  a  bold  narrow  ridge  with  a  N.  OT*  E.  course,  which 
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begins  not  far  beyond  the  Little  8tone  gap  and  continues  thence  into  Ten> 
nessee*  It  was  examined  fVom  Little  Stone  gap  to  nearly  three  miles  bo* 
yond  Pennington's  gap,  a  distanco  of  nearly  thirty  miles,  in  whldi  it  has 
but  two  water  gai>s,  those  of  Powell  river  and  its  North  Fork,  or,  as  they 
are  commonly  known,  Big  Stone  and  Pennington's  gaps.  A  wind  gap,  the 
Little  Stime,  aiFords  passage  for  the  turnpike  leading  fVom  Jonesville  to 
QladesviUe. 

In  his  former  memoir,  the  writer  regarded  Stone  mountain  as  a  fhult, 
but  he  is  now  convinced  nx>m  the  conditions  olmerved  at  Pennington's  gap, 
that  the  mountain  is  but  the  side  of  tui  exceedingly  abrupt  fold,  as  will  Im 
explained  in  another  ^mragraph. 

In  the  Poor  Valley,  which  follows  the  southerly  ftwt  of  Stone  mountain, 
the  Devonian  shales  are  shown  underlying  the  Lower  Carboniferous.  At 
the  head  of  the  valley,  the  Lower  Carboniferous  is  well  shown  In  the 
divide  between  the  South  Pork  of  Powell  river  and  the  waters  of  Stony 
creek,  where  It  is  In  direct  contact  with  the  Lower  Carlmnlferous  of  Stone 
mountain.  In  the  divide,  It  dips  gently  toward  the  soutI\  east.,  while  in 
Stone  mountain  the  dip  Is  almost  vertical,  the  incline  being  toward  the 
north-west  or  north  north-west.  The  dips  In  the  mountain  become  sharper 
toward  the  west,  being  70  degrees  In  Big  Stone  g»\p,  and  00  degrees  In 
Pennington's  gap.  The  rocks  shown  In  the  mountain  gaps  an^  the  Lower 
Carboniferous,  the  Qulnnlmont  gnnip  and  the  lower  beds  of  tlie  Coal 
Measures. 

Tfi4  fault  of  Poor  Valky  ridg$  must  be  described  before  the  structure  of 
Stone  mountain  can  be  fblly  explained.  This  fault  Is  very  nearly  parallel 
to  Stone  mountain,  though  the  Increasing  strength  of  the  thrust,  by  turning 
the  rocks  directly  on  edge,  has  diminished  the  interval  materially  in  the 
vicinity  of  Pennington's  gap.  The  distance  between  the  two  rldgi»8  varies 
from  a  mile  to  a  mile  and  a  half.  At  its  enstcrn  extremity,  the  fault  l>e« 
gins  In  a  gentle  anticlinal  nearly  opi^oslte  Little  Stone  gap.  A  crack 
develops  In  this  anticlinal  near  the  gap,  by  which  the  South  Fork  of 
Powell  river  crosses  it,  and  Increases  rapidly  In  importance  westward. 
The  Devonian  shales  cross  the  anticlinal  at  its  origin,  while  In  the  divide 
at  the  head  of  the  valley,  the  Lower  Carboniferous  and  part  also  of  the 
Qulnnlmont  group  pass  over  It  so  as  to  be  continuous  with  the  rocks  of  Stone 
mountain.  But  the  anticlinal  soon  becomes  bold,  and  the  dxwM  develops, 
so  that  the  ridge  Is  divided  below  the  mouth  of  South  Fork  of  Powell  Into 
Poor  Valley  ridge  and  Wallen's  ridge.  There  the  extent  of  Uie  fault  Is 
shown,  for  tlie  Clinton  Is  In  direct  contact  with  the  middle  shales  of  the 
Knox  group.  Poor  Valley  ridge  continues  westward  to  beyond  the  Ten- 
nessee line,  and  varies  much  In  height  and  width.  It  is  composed  chiefly 
of  Clinton  nxjks,  while  the  Lower  Ilelderborg.  Orlskany  and  Hamilton 
occur  In  the  narrow  valley  between  it  and  Stone  mountain. 

The  writer  has  stated  In  another  [mper  that  Stone  mtiuntain  is  a  fault, 
and  that  It  Is  the  continuation  of  the  CUneh  Hv^r  upHft  described  by  Prof. 
Lesley.    Mr.  Moore,  In  the  rei>ort  of  his  roct)uuaissaucu  along  the  border 
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of  Kentucky  and  Virginia,  maintains  that  Stone  mountain  is  not  a  fault, 
but  that  it  is  a  sharp  fold  and  a  typical  example  of  the  CumboHand  moun- 
tain structure.  The  exi>osures  lH\yond  Little  Stone  gap  and  at  Penning- 
ton's gap  s)k)W  this  to  be  true.  It  is  precisely  like  the  structure  of  Brush 
mountain,  Kentucky,  of  which  an  illustration  Is  given  In  a  long  cross-sec- 
tlon  accomimnying  another  of  Mr.  Moore's  re)K>rts.  At  Pennington's  gap 
the  succession  of  Up{H)r  Silurian,  Devonian  and  Lower  Carboniferous  is 
clear,  and  till  the  groups  are  conformable.  Figures  1,  3  and  8  exhibit  the 
structure  of  the  whole  fold  ;  No.  1  being  a  cross  section  fh)m  the  northerly 
shH>e  of  Stone  mountain  to  Powell  mountain ;  No.  8,  a  similar  section 
through  Rig  Stone  gap,  and  No.  8,  the  section  fh>m  Pennington's  gap  to 
Wallen's  ridge. 


Fto  1.— Hoctton  from  stone  mountnln  at  LtttloSttone  ffap  torowell  mountain, 
ff,  Slope  of  lURck  mountain ;  6,  Stone  mountnln;  c,  Powell  mountAtn;  1,  (>ml 
Men«ureii:  *i»  i|utnnlmont  group;  8,  Lower  carbon ItVrous ;  4,  Devonian;  G, 
llp|>er tellurian;  6,  l^ower Sliurtiin. 


^.:v|f 


Fio.  1— J^eoilon  fTom  Stone  mountnln  at  BIfC  Stone  icap  to  Powell  mounUln, 
©.Slope  of  HIttok  mount4iln;  6»  Stone  mountiUn;  r.  l\K>r  Valley  rUlKt»:  < 
WalUm'R  rlilvt* ;  «"•  Powell  mountain ;  /,  fti^ult  of  lH>or  Valley  ridge.  Numbers  as 
In  preceding  Agure. 
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o.  Slope  of  BIttck  mountain;  6,  stone  mountain;  c,  i^oor  Valley  ridge ;  rt,  rheHt- 
nuirUlge;  t^  KIkKnob;  K  wallen's  ridge ; /,  fkultof  Poor  Valley  ridge,  Num- 


Fto,  8.— Section  fTom  Stone  mountain  at  Pennington's  gap  to  Walton's  ridge. 

6,  stone  mountain ;  c,  Poor  Valle 
^^illen's ridge;/,  fkul 
bers  aa In  preceding  figures. 

The  change  of  structure  beyond  the  fault  of  Poor  Valley  ridge  will  bo 
explained  in  Its  own  place. 

WalUfCi  rid^t  includes  the  eastern  extremity  of  Poor  Valley  ridge, 
and  the  two  ridges  become  separate  only  beyond  the  mouth  of  South  Fork 
of  Powell  river.  Lower  Silurian  rooks  are  shown  on  its  northerly  side, 
Meilina  sandstone  fbrms  the  crest,  w*hlle  Lt)wor  Ilelderberg  and  Oriskauy 
are  shown  on  the  southerly  slope.  The  structure,  where  the  ridge  tii*At 
m*i>an\tes  itself  ftt)m  P(K)r  Valley  ridge,  Is  shown  In  Fig.  %  which  repre- 
sents Uie  cross-section  f>om  Poor  Valley  ridge  fault  aci\)ss  Turkey  Cove, 
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a^nd  the  mountain  to  Powell  mountain.  There  the  ridge  is  narrow  ;  but  at 
some  miles  farther  west  the  conditions  are  as  in  Fig,  8,  whidt  shows  the 
section  from  tlie  Poor  Valley  fault  on  Nortli  Pork  of  Powell  to  the  Wallon 
Valley  fault  near  Stickleyville.  Here  instead  of  the  single  ridge  seen  at 
the  Turkey  Cove  there  are  three  ridges,  known  as  Chestnut  ridge.  Elk 
Knob  and  Wallen*s  ridge.  The  folds  in  Chestnut  ridge  are  exceedingly 
compter,  and  are  well  sliown  in  the  gap  by  which  the  Nortii  Fork  of 
Powell  river  passes  through  it.  The  beds  are  folded  without  crushing, 
though  some  of  the  angles  are  ^s  sharp  and  close  as  the  bent  elbow.  But 
in  Elk  Knob  the  strata  are  practically  horizontal  until  near  the  southerly 
slope  where  the  dip  becomes  nearly  15  degraes.  The  rate  increases  tow*ard 
Wallen's  ridge  as  well  as  in  the  ridge,  until,  along  the  summit  line,  the 
Medina  dips  at  nearly  40  degrees.  The  Upper  Silurian  rocks  are  I'eachcd 
on  the  southerly  sloi)e  of  the  ridge. 

The  relations  of  Wallen's  ridge  to  Powell  mountain  are  somewhat  com- 
plicated by  the  Wallen  Valley  fault,  which  begins  at  the  head  of  Wallen*s 
valley.  As  far  as  could  bo  ascertained,  no  tmces  of  that  fault  exist  farther 
east.  That  part  of  Powell  mountain  which  lies  east  fVom  Slemp's  gap, 
through  which  the  North  Fork  of  Clinch  flows,  has  a  very  different  struc- 
ture Arom  that  of  the  part  lying  west  firom  that  gap.  The  eastern  division 
is  but  a  continuation  of  Wallen's  ridge,  the  separation  being  due  solely  to 
erosion  ;  for,  on  the  bold  bluff  which  Powell  mountain  pi*esents  to  the 
valleys  of  the  South  Fork  of  Powell  river  and  the  North  Fork  of  Clinch 
river,  the  section  is  but  a  continuation  of  Uiat  shown  on  the  slo))e  of 
Wallen  ridge ;  and  the  Lower  Helderberg.  Oriskany,  Iliunilton,  Lower  Car. 
l)oniferous  and  Quinnimont  group  appear  in  regular  succession,  while  the 
Quinnimont  group  covers  the  southerly  slope  of  the  mountain  to  wheit'  it 
is  cut  off  by  the  Hunter  Valley  fhult.  The  conditions  observed  on  this 
side  of  Pow*ell  mountain  will  be  described  in  connection  with  that  fault. 

Th$  Wallen  Valle^f  fault  begins  at  the  head  of  that  valley,  and  continues 
into  Tennessee.  It  i^asses  along  the  southerly  side  of  Wallen's  ridge,  and 
is  crossed  by  the  Jonesville  and  Estill viUe  road  at,  say,  nearly  half  a  mile 
fVom  Wallen's  creek.  On  its  nonherly  side  are  the  Lower  Helderberg 
rocks,  ill-cxiMxsed  where  examined,  dipping  almost  south*east  at  45  degrees, 
while  the  limestones  of  Formation  III  are  shown  on  the  southerly  side  dip- 
ping in  the  same  direction  at  80  degrees.  The  upper  part  of  No.  II  is 
shown  near  the  f^iult,  but  only  a  small  part  of  that  group  Is  brought  up 
where  the  examinations  were  made.  It  is  not  wholly  certain  that  this 
IHult  l)egins  within  Wallen's  valley,  but  no  traces  of  it  were  seen  on  the 
other  side  of  the  mountain,  where,  however,  the  forest  is  dense,  and  expo- 
Bures  are  few  and  not  satisfactory.  It  is  certainly  absent  firom  the  valley  of 
North  Fork  of  Clinch  at  three  miles  further  up.  This  fault  is  important 
economically,  for,  in  great  measure  owing  to  its  sudden  development, 
Powell  mountain  west  h'on\  Slen»p*s  gap  has  been  so  far  elevated  that  the 
Devonian,  Lower  Carboniferous  and  Quinnimont  group,  still  prt^sent  on 
the  other  division  of  the  mountain,  have  been  wholly  I'emoved  by  erosion. 
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Powell  mountain  wo«t  from  Blomp's  gap  is  but  a  re  petition  of  Wallen't 
rldpo  an  shown  on  Iho  opi>oBite  siilo  of  Wallon  valley.  The  llmestonen  and 
shales  of  Formation  III  are  eximsed  on  its  northerly  side,  Medina  sandstone 
follows  Its  crest,  while  the  Lower  llelderherff,  Orlskany  and  a  fragment  of 
the  Hamilton  are  shown  on  Us  southerly  side.  These  rooks  are  suddenly 
cut  off  by  the 

PaiionmUU  fauH^  which  Is  marked  by  a  low  ridge  at,  say,  two-thirds  of 
a  mile  (Vom  the  cn*st  of  l*owell  mountain.  No  evidence  of  Its  presence 
was  found  beyt)nd  the  railroad  line,  and.  In  all  ))robablllty,  It  originates 
very  near  that  line.  The  structui*e  between  the  Wallen*8  valley  fAult  and 
the  Hunter  Valley  iHuU  (Clinch  uplift)  Is  shown  In  Fig.  4.    This  Ikult 


Fio.  -I  — OoM-HOction  thrnuffh  Towoll  mount4iln  ftnmi  tlu>  Wnllon  Valloy  niuit 
to  tho  lluntor  VulU\v  ftuilt  In  Hm'kn»«r'M  rltltft».  o.  Powoll  mountain  ft,  Put- 
tonnvlllo  rittffo  ;  r,  Huoknor'n  rliltfo:  f,  \Vi\IUmi'b  Valloy  tUult: /',  PatlunovtUe 
tUult ;  /",  Jluntor  Vulloy  mult  or  i  llnoh  upltlt.    NumberH  tiH  in  Fig.  1. 

brings  up  the  Lower  Uelderberg  rocks  against  tho  Hamilton  shales ;  the 
former  describe  a  shallow  synclinal  and  low  anticlinal,  so  that,  befora 
reaching  the  North  Fork  of  Clinch  river,  tho  Hamilton  shal(u»  are  again  ox- 
|H>sed,  dipping  very  sharply  towanl  the  south-east.  The  details  of  this 
Duilt  cannot  l)o  expressed  on  the  map,  owing  to  tho  narrowness  of  the  turea 
aflected  by  It,  It  Is  evidently  pamllel  with  tho  Wallen  Valley  fUult,  and  It 
is  responsible  for  the  absence  of  tho  Lower  Carboniferous  rocks  tVom  tho 
valley  at  the  southerly  foot  of  Powell  mountain.  This  fault,  according  to 
Pn)f.  &:^atVoiHl*s  map,  does  not  exist  in  Tennessoo. 

T/te  Iluntfr  ValUy  fault  Is  tlie  samo  with  the  GUnch  river  uplift,  which 
is  so  fully  described  by  Pixif.  Lesley  In  his  memoir  on  the  geology  of  Wise 
and  Taxewell  (H)untles.^  As  It  lies  at  a  considerable  distance  from  Clinch 
river  within  tho  area  under  (Mmsldenulon,  it  Is  best  to  npply  to  It  a  local 
name.  Its  dh^otlon,  as  laid  down  on  tho  map,  does  some  violonco  to  tho 
truth,  but  the  writer  has  i^referred  to  give  tho  direction  of  the  fault  prop, 
erly,  even  thtiugh  in  so  doing  It  is  thn)wn  somewhat  out  of  Its  geographical 
relation.  This  fault  enters  StxHt  county  near  Its  north-wostern  (H>rnor, 
whonco  It  follows  an  ahnost  straight  lino  to  tho  gap  made  thnmgh  it  by  the 
North  Fork  of  Clinch  river,  being  crossed  very  near  the  head  i»f  Powdor 
Mill  gap  by  the  Bristol  rallnmd,  and  by  the  JonosvUlo  and  Kstlllvllle  road 
at  Imrely  two  miles  fit>m  Pat  tons  villo.  It  Is  crossed  but  once  by  tho  North 
Fork  of  Clinch. 

This  is  pmbably  the  mtvst  violent  of  the  f\iults  observed  within  the  region 
examined.  The  rooks  on  both  sides  of  the  tHcture  aro  bent  upward,  and, 
at  iwuvf}  than  one  locality,  the  structim^  is  distinctly  that  of  a  cracked  antl* 
cllnal.    Tho  energy  of  the  lift  varied,  tor  along  a  very  c<mslden\ble  dls- 
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tance,  the  Hamilton  Miales  ait^  the  lowest  l)eds  expoeei)  on  the  northerly 
side  of  tl\e  fkult,  while  at  several  localities  lower  grou^xi*  even  down  tu  the 
Medina,  have  been  brought  up. 

At  tlie  sap  of  North  Fork  of  Clinch,  the  Hamilton  shales  are  well  ex- 
posed on  the  northerly  side  at  some  distance  ttom  the  line  of  break,  where 
tliey  are  abnormally  thick,  show  a  strike  N.  80^  £.  mag.  and  are  dipping 
toward  the  fault  at  40  degrees.  Some  sandstones  seen  l)etween  these  and 
the  foot  of  Buckner's  ridge  may  represent  the  Lower  He)derlH^rg«  and  tiie 
Clinton  rocks  are  exiK>sed  at  the  foot  of  the  ridge.  Whether  or  not  the 
succession  is  complete,  was  not  determined,  as  the  side  of  the  ridge  la 
deeply  covered  with  debris ;  but  thigments  of  quartslte-like  white  sand- 
stone were  seen,  which  bear  muol\  resemblance  to  the  Medina  sandstone  as 
shown  in  Moccasin  gap  of  Clinch  mountain.  The  exposures  are  all  i>oor 
and  the  Clinton  was  recognised  only  by  its  fossil  ore.  The  probable  struc* 
ture  is  doubtless  as  represented  in  Fig.  5. 
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Fro.  5.— Probable  structure  of  Hunter  Valley  ftiult  at  North  Pork  gap.  /,  Hun- 
ter Valley  fault.    Numbers  as  in  Fig.  1. 

.  The  fault  is  crossed  by  the  JonesvlUe  and  Estillville  road  at  two  or  three 
miles  farther  east.  There  the  Hamilton  shales,  shown  in  the  river  <*  bot« 
torn,**  appear  to  be  in  contact  with  the  calcareous  sandstones  of  the  Knox 
group,  which  form  a  bold  wall  along  the  line  of  fault.  These  shales  are 
dipping  toward  the  fiiult,  but  they  may  be  folded  as  they  are  near  the  North 
Fork  gap.  At  four  or  Ave  miles  f\irther  east,  one  has  ))assed  beyond  the 
influence  of  the  Pattonsville  and  Wallen  Valley  faults,  and  luis  reached  the 
southerly  foot  of  Powell  mountain  in  Hunter  valley.  Standing  here  at  the 
railroad  line,  he  can  follow  with  his  eye,  the  course  of  tlie  ftuilt  in  eacii 
direction,  for  it  is  marked  by  the  low  and  sharply  serrate  ridge  known  as 
Buckner^s  ridge.  This  seems  to  follow  an  almost  stmight  line  firom  the 
county  line  to  the  North  Fork  gap. 

In  the  Hunter  valley,  the  wall  of  Knox  sandstone  is  as  well  marked  as  it 
is  along  the  North  Fork  of  Clincli,  while  on  the  other  side  the  Quinnimont 
group  covers  the  slope  of  Powell  mountain  and  extends  into  the  valley. 
Near  tlie  end  of  the  valley,  the  North  Gap  structure  is  repeated,  but  only 
the  Lower  CarlK>niferous  and  the  Devonian  are  turneil  up.  Beyond  this, 
no  exposures  exhibiting  the  structure  were  seen  until  Stony  creek  was  ap- 
proaclied.  The  sandstone  wall  is  distinct  all  the  way,  but  the  debris  fVom 
Uie  conglomerates  covers  the  whole  •*l)ottom  **  deeply  even  to  the  ftx>t  of 
the  wall.  Toward  Stony  creek,  t'ae  structure  bect)mes  very  similar  to  that 
observed  in  tlie  North*  Fork  gap*  but  time  did  not  admit  of  working  out  its 
details.  The  Lower  Carboniferous,  the  Devonian  and  the  Silurian  )is  far 
down  as  the  Clinton  at  leiist,  were  recognised  on  Stimy  creek  l)etween  the 
last  exposure  of  the  Quinnimont  series  and  the  wall  of  Knox  sandstone. 
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The  general  Btracture,  tiieo,  must  be  as  represented  Id  Tig.  6,  which  shows 
also  the  stniclure  of  Powell  mouotsia.    The  Quinoimont  series  caps  the 
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bluff  overlooking  the  valley  of  Boulh  Fork  of  Powell  river.  Thence  for 
several  miles  thedip is  gentle, but  within  somewhat  mare  than  a  mile  fVom 
the  fault  it  suddenly  increases,  becoming  rather  more  than  30  degrees, 
and  at  the  last  exposure  of  the  rock  it  is  nearly  43  degrees.  Tliis  change 
in  rale  is  so  abrupt  that  where  the  narrow  valley  follows  the  line  of  change, 
a  fracture  at  once  suggests  itself  as  the  only  explanation  of  the  condition. 

It  is  altogether  probable  thai  a  close,  sharp  fold  exists  within  two  or 
three  miles  south-east  from  the  Hunter  Valley  fault.  The  shales  alongside 
of  Clinch  river  above  the  mouth  of  Stony  creek  are  violently  twisted  and 
the  plications  are  as  close  as  those  frequently  seen  in  Archoean  schisls.  The 
shales  themselves  in  many  places  are  jointed  and  have  an  Indistinct  slaty 
cluavflge ;  but  they  show  no  other  signs  of  metamorphism.  The  rock 
forming  the  bluff  on  the  o|]posite  side  of  the  river  Is  a  pyritous  sandy  lime- 
stone very  like  that  which  is  at  the  base  of  the  Knox  group.  A.  similar 
condition  was  obseTved  In  crossing  Buckner's  ridge  along  the  Jones vi He 
and  Estillvillo  road,  at  probably  fourteen  miles  west  frum  Btony  creek. 

Copper  ridge  lies  on  the  southerly  side  of  Clinch  river,  until  within 
six  miles  of  tlie  Tennessee  line,  where  It  is  crossed  by  that  river.  It  is 
a  monoclinal,  but  the  dip  is  irregular,  as  Is  shown  along  the  Blony  creek 
road  as  well  as  along  the  road  leading  from  Oray's  ford  on  Clinch  river  to 
Nickelsville  on  the  southerly  slope  of  the  ridge.  The  dip  at  Clinch 
river  Is  not  far  tVom  40  degrees  ;  at  two  miles  from  the  river,  the  beds  arc 
iklmost  horizontal  ;  but  toward  the  southerly  side  of  the  ridge,  the  dip  in- 
creases to  almost  33  degrees.  The  only  rocks  exposed  in  this  ridge  belong 
to  the  Lower  Silurian  groups.  Prof.  Lesley,  on  the  map  accompanying  his 
memoir  on  Wise  and  Tazewell  counties,  colors  Clinton  along  the  southerly 
side  of  this  ridge  ;  but  no  Clinton  is  present  within  Scott  county.*  The 
structure  of  the  ridge  In  this  county  suggests  the  possibility  that,  at  no 
great  distiince  eastward,  the  ridge  may  consist  of  a  double  anticlinal  with 
a  shallow  synclinal  along  the  cresl.  in  which  some  Upper  Silurian  rocks 
may  be  held. 

The  Copper  Creek  Mult,  as  appears  from  Prof.  Lesley's  map.  extends 
for  a  cimslderablc  distance  into  Russell  county,  which  adjoins  Scott  on  the 
nofth-east.     It  was  examined  by  the  writer  vejy  near  the  Russell  county 
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around  the  headwaters  of  the  South  Fork  of  Powell  river  and  its  tributary, 
Wildcat  ciXMsk.  This  embraces  so  much  of  the  region  between  Stone 
mountain  and  Powell  mountain  as  is  drained  by  those  streams. 

At  the  apox  of  this  s()ace,  where  Stone  and  Powell  mountains  come  to- 
gi>ther,  just  east  from  Little  Stone  ga|>,  one  finds  in  the  valley  only  the 
Hamilton  shales.  The  gentle  anticlinal,  in  which  the  fault  of  Poor  Valley 
ridge  originates,  soon  brings  up  the  Orlskany,  the  Lower  He]derl)erg,  and, 
at  a  little  way  farther  west^  the  Clinton  ore  group.  The  ridge  formed  by 
the  anticlinal  and  gradually  developing  fault  is  known  here  as  Wallen's 
ridge  and  shows  the  Clinton  group  on  both  sides,  with  the  higher  groups 
at  a  little  distance  from  the  foot.  No  detailed  section  was  made  on  Pow- 
ell mountain,  but  the  Hamilton  shales  are  at  its  base ;  higher  up  is  the 
Lower  Carboniferous,  forming  a  conspicuous  band  along  the  f^ce  of  the 
mountain;  while  above  it  the  Quinaimont  group  extends  to  the  crest, 
whence  it  may  be  followed  to  the  Hunter  valley. 

Along  Wildcat  valley  and  the  southerly  slope  of  Wallen*8  ridge,  Upper 
Silurian  rocks  prevail,  the  Medina  at  the  crest  of  the  ridge,  the  Clinton 
lower  down  the  8loi)e,  while  the  Lower  Helderberg  occupies  the  valley  and 
here  and  there  reaches  some  way  up  the  side  of  the  ridge.  The  Clinton 
ores  are  unusually  good  here,  that  fVom  one  bed  showing  53.6  \m^t  cent,  of 
iron  with  but  0.116  per  cent,  of  phosphorus.*  The  Lower  Helderlwrg 
shows  two  ore-horiaons,  of  whicli  the  up|)er  may  l)elong  In  part  to  the 
Oriskany.  The  lower  horixon  has  an  unusually  goixlhrown  hematite,  with 
53.55  i^er  cent,  of  iron  and  only  0.051  per  cent  of  phosphorus.  The  |>ockets 
of  good  ore  are  separated  by  stretches  of  varying  length,  in  which  an 
enormous  amount  of  brown  hematite  Is  seen,  but  so  mixed  with  stind  as  to 
be  altogether  unavailable.  Beyond  all  doubt  the  higher  horixon  carries 
much  good  ore,  but  the  old  workings,  whence  ore  was  obtained  for  a 
Catalan  forge,  have  been  filled  up  and  only  the  slliclous  ore  is  exi>osed. 

The  Helderberg  ores  of  Poor  valley  are  of  uncertain  value.  Some  fair 
ore  occurs  at  several  miles  east  fVom  Big  Stone  gat\  but  the  most  of  that 
seeii  there  is  silldous  and  evidently  belongs  to  the  higher  horixon.  It  con- 
tains many  fossils  diaracteristic  of  the  Lower  Helderberg.  Further  west, 
the  ore  seems  to  be  wanting,  no  evidence  of  its  presence  having  been  ob- 
served at  any  exposure  between  Big  Stone  and  Pennington's  gap. 

The  best  exposure  of  the  Hamilton  shales  in  the  Poor  valley  is  at  a  mile 
or  80  east  fh>m  the  Big  Stone  gap,  where  the  rock  seems  to  be  thicker  than 
it  is  farther  west.  It  Is  said  to  yield  fossils  there.  The  increasing  strength 
of  the  disturbance  westward  makes  the  dip  of  these  beds  vertical  before 
reaching  Pennington's  gap  and  exposures  In  that  vidnlty  are  not  wholly 
satisfactory.  The  valley  itself  is  very  narrow  until  beyond  that  gap, 
where  it  opens  up  somewhat.  No  trace  of  Chemung  locks  were  found  In 
the  valley  and  the  Lower  Carboniferous  rests  directly  on  the  lower  black 
shales  of  the  Hamilton. 

*  All  analyses  in  this  memoir,  unlem  otherwise  stated,  are  by  Mr.  A.  S.  Mo- 
Creath,  ohemUi  to  the  Second  Qeologioal  Survey  of  Pennsylvania* 
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No  good  section  of  the  Clinton  was  obtained  ;  the  partial  one  obtained 
near  Big  Stone  gap  and  given  in  the  previous  memoir  contains  all  the  de. 
tails  yet  secured.  The  ores  of  this  group  are  easily  followed  along  the 
valley  and  ridge.  Three  beds  occur  not  far  from  Big  Stone  gap,  but  only 
one  of  them  is  really  important.  This,  as  exposed  on  the  Horton  property 
at  say  a  mile  and  a  half  from  the  gap,  shows  : 

Hard  ore 4'  8" 

Soft  ore 2' 6" 

The  lower  part  of  the  upper  layer  for,  say  20  inches,  is  a  very  fair  ore, 
though  inferior  to  that  from  the  lower  portion  of  the  bed.  This  is  the 
middle  bed.  The  upper  bed  is  shown  in  the  bank  of  Powell  river  not  far 
from  the  gap,  where  it  is  from  5  to  8  inches  thick  ;  while  the  lower  bed. 
as  shown  in  Cedar  gap,  through  Poor  Valley  ridge,  contains  little  soft  ore. 
The  same  beds  are  shown  in  the  gap  of  Powell  river  through  Poor  Yalley 
ridge'and  some  of  the  ore  from  that  locality  has  been  reduced  in  Mr.  Pen- 
nington's forge,  where  it  proved  good.  Mr.  Pennington  has  opened  three 
beds  of  ore  near  his  gap,  but  of  these  only  tha  middle  one  is  good.  Tliis 
shows : 

Soft  ore 4" 

Clay 8'' 

Soft  ore 25" 

The  clay  is  irregular  and  is  said  to  disappear,  so  that  the  ore  is  some- 
times fully  3  feet  thick.  The  upper  layer  at  this  exposure  is  pebbly  and 
the  lower  layer  is  equally  so  for  an  inch  or  two  at  the  top ;  but  Mr.  Pen- 
nington states  that  this  is  an  abnormal  condition  and  that  the  pebbles  are 
rarely  present.  This  ore  is  mined  to  supply  Pennington's  forge  at  which 
about  200  pounds  of  excellent  iron  are  made  daily. 

Powell  Valley, 

Throughout  this  valley,  which  embraces  the  whole  space  between  Poor 
Valley  ridge  and  Wallen's  ridge,  one  finds  only  formations  II  and  III. 
The  distinction  between  the  groups  was  not  made  out  in  detail,  for  the 
structure  is  too  involved  to  be  worked  in  a  reconnaissance.  It  is  altogether 
probable  that  the  magnesian  beds  of  the  Knox  group  occupy  the  northern 
side  of  the  valley  in  the  wider  parts  of  the  area.  They  lie  close  to  the 
fault  in  the  Turkey  cove,  while,  nearer  Wallen's  ridge,  the  beds  of  the 
higher  group  are  well  shown  and  j'ield  great  numbers  of  characteristic 
fossils.  Good  localities  for  collectors  were  seen  along  the  road  crossing 
"Wallen's  ridge  from  Turkey  cove,  and  along  the  Jonesville  and  Glades- 
ville  road  in  the  cove.  The  magnesian  limestones  on  Elk  Knob  are 
practically  horizontal  and  weather  into  detached  blocks  and  pillars,  making 
the  long  summit  of  that  hill  a  "rock  city."  Brown  hematite  of  excellent 
<iuality  is  said  to  exist  on  Chestnut  ridge  in  this  valley ;  and  some  of  it 
has  been  tried  with  good  results  at  Pennington's  forge. 


mU  245  [Stevenson. 

Walkn*a  Bidge  and  ValUy. 

At  Turkey  cove,  the  limestones  of  III  rise  high  up  on  the  side  of  WaU 
len^s  ridge,  but  the  shales  belonging  at  the  top  of  the  group  are  concealed 
along  the  road  crossing  the  ridsce.  Further  west,  however,  as  the  ridge  is 
pushed  away  toward  the  south-east,  the  limestones  reach  only  to  its  foot  or 
to  but  a  little  way  up  its  side.  Tlie  shales  ara  well  shown  along  the  Jones- 
ville  and  Estillville  road  as  it  winds  up  the  mountain.  They  are  dark 
and  fissile  below  but  become  somewhat  sitndy  above.  Thin  irregular  bands 
of  limestone  occur,  all  of  which  are  fossiliferous.  The  thickness  of  the 
shales  is  not  fiir  fh)m  700  feet. 

The  Medina  sandstone  is  reacheil  at  the  summit  of  the  ridge,  where,  for 
the  mi>8t  part,  it  is  fine  grained  and  comi>act ;  but  it  contains  some  layers 
of  shale  and  an  occasional  bed  of  conglomerate.  EjC()osures  are  incom- 
plete near  the  road,  but  the  rock  forms  cUfis  at  two  or  three  miles  farther 
east  The  thickness,  as  estimated,  is  not  far  firom  350  feet.  The  Clinton 
group  is  reached  on  the  southerly  side,  where  it  is  not  well  ex|X)sed.  The 
fossil  ores  are  shown  at  several  places,  but  are  best  seen  near  the  head  of 
the  valley,  where  Mr.  Jerome  Duft  has  explored  them  to  a  sliglit  extent. 
The  Lower  Helderl)erg  rocks  are  mostly  concealed. 

The  Wallen  Valley  fault-  passes  very  near  the  southerly  foot  of  Wallen's 
ridge,  and  is  crossed  by  the  Jones ville  ixxad  at  perhaps  three  fourths  of  a 
mile  ft'om  Wallen's  creek.  The  exposures  near  the  line  of  fkult  are  very 
pour,  but  they  sufiice  to  show  that  the  beds  in  contact  with  those  of  the 
Lower  Helderberg  belong  near  the  top  of  the  Knox  group,  for  the  soil  has 
a  deep  red  color  and  fhigments  of  chert  are  scattered  through  it.  The  first 
satisfactory  exposures  are  those  of  the  Trenton  and  Kashville  group,  whose 
beds  are  well  shown  at  Stickley ville  and  elsewhere  along  Wallen^s  creek. 
Th«y  are  very  fossiliferous,  though  the  number  of  species  found  at  Stick- 
leyville  is  small.    The  following  were  seen  : 

Stromatopora  ;  ChaUtM  petropoUUtna  ;  Brjf<moan9  ;  StropKomena  alter- 
fMta;  Leptasna  Mricm  ;  Orthis  testudinaria ;  Orthis  oceiderUalis  ;  Orthii 
trieefMrta  f*  The  CKmtetes  is  often  replaced  by  cliert,  as  is  also  the  case  on 
the  northerly  side  of  Elk  Knob  In  Powell  valley. 

The  limestones  of  this  group  continue  nearly  half  way  up  Powell  moun- 
tain, and,  thence  to  the  summit,  the  shales  of  the  group,  are  occasionally 
shown.  The  Medina  sandstone  is  reached  at  the  summit,  where  one  looks 
down  into  tlie  area  drained  by  CUuch  river. 

As  the  Wallen  valley  foult  disappears  north-eastward,  the  outcropplngs 
of  Upper  Silurian  on  the  southerly  slopes  of  Wallen *s  ridge  and  Powell 
mountain  approach  each  other ;  and  on  the  easterly  face  of  the  divide  be* 
tween  Wallen's  creek  and  the  North  Pork  of  Clinch,  the  two  outcrops  seem 
to  have  come  together,  as  do  the  similar  outcrops  on  Wallen's  and  Poor 
Valley  ridges,  where  the  fault  of  the  latter  dies  out.  No  detailed  examina- 
tion of  this  divide  was  made,  and  the  structure  was  ascertained  only  in  so 
far  as  was  possible  in  passing  through  Slemp's  gap. 
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IV.  Geology  op  the  Area  Drained  by  Clikch  Rivkr. 

The  whole  of  this  area  lies  within  Scott  county.  For  convenience  of  de- 
scription, it  may  be  regarded  as  divided  by  the  road  leading  from  Big 
Stone  gap  to  the  mouth  of  Stock  creek.  The  easterly  division  extends 
from  the  crest  of  Powell  mountain  to  that  of  Moccasin  ridge,  and  is  drained 
by  several  streams,  to  which  reference  will  be  made  in  their  place ;  the 
other  division  extends  westwardly  to  the  Tennessee  line  and  southwardly 
from  the  crest  of  Powell  mountain  to  Clinch  river.  It  is  drained  princi- 
pally by  Little  Stock  creek  and  the  North  Fork  of  Clinch  river. 

The  Western  Division, 

The  Medina  sandstone  is  somewhat  imperfectly  exposed  on  the  summit 
of  Powell  mountain  along  the  Jonesvllle  and  Estillville  road,  but  appears 
in  cliflfs  at  but  a  little*  way  further  east.  Its  junction  with  the  shales  of  For- 
mation in  is  well  shown  at  the  roadside,  and  is  very  sharp,  there  being  no 
transition  bed.  The  Medina,  for  35  feet  from  the  base,  is  massive,  cross- 
bedded,  and  not  at  all  conglomerate,  though  here  and  there  a  pebble 
appears.  Impressions  of  Arthrophyeits,  though  not  abundant,  are  by  no 
means  rare.  Some  imperfect  exposures  of  Clinton  rocks  were  seen  at  about 
one-third  of  the  way  down  the  mountain  slope  and  numerous  fragments 
of  fossiliferous  ore  lie  scattered  in  the  road  and  on  the  hillside.  Only  one 
bed,  however,  was  found  in  place,  and  its  ore  is  highly  silicious.  Further 
east  along  this  slope  of  the  mountain,  three  beds  have  been  exposed  on 
property  lately  belonging  to  the  Kane  estate,  which  are  equivalent  to  the 
three  beds  seen  in  the  Poor  Valley  ridge.  The  upper  one  is  very  thin,  and 
its  ore  is  silicious,  but  the  middle  and  lower  beds  are  of  workable  thick- 
ness and  their  ore  is  good,  though  evidently  somewhat  leaner  than  that 
from  the  middle  bed  of  the  Poor  Valley  ridge. 

These  ores  extend  along  the  mountain  face  quite  to  the  head  of  the 
North  Fork  of  Clinch  river,  whence  they  cross  the  divide  and  continue 
along  the  southerly  face  of  Wallen's  ridge  along  Wildcat  valley ;  but  no 
measurement  of  the  group  or  of  its  ores  was  made  in  Slemp*s  gap  or  above 
it  along  the  North  Fork  of  Clinch. 

Still  further  down  the  slope  or  very  near  the  foot  of  the  mountain  are 
the  Lower  Helderberg  and  the  Oriskany,  beyond  which  come  the  shales  of 
the  Hamilton.  A  small  tributary  to  the  North  Fork  of  Clinch  flows  along 
the  foot  of  the  mountain,  and  the  road  to  Sneedville  follows  it.  These 
rocks  are  exposed  along  this  stream,  and  the  shales  are  reached  at  Robin- 
son's mill,  where  they  are  dipping  almost  southward  at  a  high  angle.  At 
a  little  way  below  the  mill,  the  stream  enters  a  gap  through  a  low  ridge 
produced  by  the  Pattonsville  fault,  and  on  the  other  side  it  joins  the  North 
Fork.  At  the  entrance  to  the  gap,  one  reaches  the  coarse  sandstone,  and 
the  limestone  at  the  bsAe  of  the  Lower  Helderberg,  both  of  which  have 
been  pushed  to  5  degrees  beyond  perpendicular.  Several  exposures  of 
Lower  Helderberg  rocks  occur  within  this  gap,  but  the  section  is  not  con- 
tinuous. 
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On  emerging  fVom  the  gap  made  through  this  low  rldge»  the  stream 
enters  the  North  Fork>  which  there  changes  its  course,  and  fbr  a  short  dis- 
tance flows  irregularly  along  the  strike.  The  n>ad  follows  the  right  bank 
of  tlie  stream,  and  winds  so  tis  to  be  now  in  the  Lower  Helderberg,  then  in 
the  Hamilton  shales*  The  upper  limestone  of  the  Lower  Helderberg  is 
well  exposed  at  the  roadside,  not  far  below  the  gap,  where  it  underlies  the 
Oriskany,  whicli  is  ferriferous.  The  river  changes  its  course  near  Mr.  James 
Uobinet's  place,  and  breaks  across  the  Hunter  Valley  fault  (Clinch  River 
uplift),  whose  course  is  marked  by  Buckner's  ridge.  The  Hamilton  shales 
are  fairly  well  exposed  here  and  are  dark  throughout^  Those  resting  on 
the  Oriskany  are  richly  carbonaceous,  and  films  of  coal  are  common  in  one 
layer,  which  is  nearly  18  inches  thick. 

No  rocks  newer  than  the  Hamilton  shales  are  shown  between  the  crest 
of  Powell  mountain  and  Buckner*s  ridge,  as  fkr,  at  liMist,  as  two  miles  west 
from  the  North  Fork  gap  in  tlie  latter  ridge.  If  the  Pattonsville  fault  were 
absent,  there  would  be  ample  room  for  the  Lower  Carboniferous  groups, 
which,  indeed,  are  present  on  Powell  mountain  in  the  other  division  of 
this  area.  A  material  change  in  the  character  of  this  fkult  must  take  place 
at  not  far  (torn  the  gap,  for  Prof.  Saffbrd*s  map  shows  that  the  Lower  Car- 
boniferous groups  are  present  at  the  State  line  both  on  the  slope  of  Powell 
mountain,  and  on  the  ridge  marked  by  the  Pattonsville  fault. 

Tlie  gap  of  North  Fork  of  Clinch  exhibits  the  complicated  structure  of 
the  Hunter  Valley  fiiult  or  Clinch  River  uplift  The  pyritous  calcareous 
sandstones,  belonging  to  the  base  of  the  Knox  group,  form  a  bold  ridge 
with  the  rocks  dipping  southward  at  almost  50  degrees  ;  but  at  the  base  of 
the  cliff  on  the  northerly  side,  a  considerable  mass  of  limestones,  reddish 
and  white  sandstones  was  seen.  This  is  not  less  than  150  feet  thick.  Bo- 
hind  it  is  an  imperfectly  exposed  interval  between  the  base  of  this  bluff 
and  the  last  exposure  of  Hamilton  shale,  in  which  are  fhigments  of  sand- 
stone not  unlike  the  Oriskany.  This  mass  is  covered  with  debris  and  the 
succession  of  its  beds  could  not  be  made  out.  Unsuccessful  search  was 
made  for  fossils.  A  conglomerate  of  rounded  quartz  pebbles  bound  by  red 
hematite  occurs  here,  and  bears  much  resemblance  to  the  Clinton  ore  ; 
wit>h  it  is  a  ferruginous  sandstone,  which,  when  casually  examined,  api^ears 
to  be  an  iron  ore.  It  is,  however,  merely  a  very  fine-grained  ferruginous 
sandstone.  Tliis  is  shown  on  both  sides  of  the  gap,  and  the  apparent 
amount  of  ore  is  very  great.  But  the  material  is  utterly  worthless  as  ap- 
pears ttom  Mr.  McCreath*s  analyses ;  No.  1  being  the  conglomerate,  and 
No.  9  the  ferruginous  sandstone. 

Metallic  iron 13.050  11.550 

Sulphur 0.053  

Phosphorus 0.863  

Insoluble  residue 09.400  — 

This  was  worked  many  years  ago  in  a  fbrge,  whose  ruins  still  remain  in 
the  gap. 
Returning  now  to  the  Jonesville  and  Estillville  road,  one  finds  the  Lower 
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Helderbergy  Oriskany  and  Hamilton  as  at  Robinson's  mill  on  the  Sneedville 
road,  and  the  little  village  of  Pattonsville  stands  on  the  Hamilton  ;  but  the 
Pattonsville  fault  is  crossed  by  that  road  immediately  beyond  the  Tillage 
and  the  Lower  Helderberg  is  brought  up  as  in  the  gap  below  Robinson's 
mill.  The  Oriskany  sandstone  is  reached  again  near  the  ''bottom"  of 
North  Fork  of  Clinch  and  varies  in  color  from  rusty  yellow  to  dingy 
white.  The  lock  is  very  friable  and  it  must  be  somewhat  calcareous,  as 
the  surface  has  given  way  at  many  places,  showing  the  presence  of  caverns 
beneath.  The  hills  are  covered  with  loose  reddish  yellow  sand,  derived 
from  this  rock.  Both  the  Lower  Helderberg  and  the  Oriskany  sandstones 
are  fossiliferous  but  the  fossils  are  very  obscure.  Brown  hematite  occurs 
on  the  Pattonsville  ridge  and  is  continuous  up  the  North  Fork  of  Clinch. 
No  analyses  of  this  ore  have  been  made,  but  the  quality  seems  to  be  good. 
The  Hamilton  shales  are  continuous  to  the  wall  of  Powell  mountain  in  the 
other  division  of  this  area  and  are  fairly  well  exposed  at  many  places. 
Here,  as  at  many  other  localities,  they  are  supposed  to  hold  coal. 

Ascending  the  North  Fork  one  reaches  the  strip  of  Lower  Helderberg 
rocks  in  Slemp's  gap  near  Ward's  mill,  and  the  upper  limestone  of  that 
group  is  well  shown  at  but  a  little  way  above  the  mill.  These  rocks  re- 
main in  sight  on  both  sides  of  the  road  until  the  summit  between  Clinch 
and  Powell  is  reached.  The  Oriskany  was  not  seen  here,  its  place  being 
concealed. 

Returning  again  to  the  Jones ville  and  Estillville  road,  one  crosses  the 
Hunter  Valley  fault  and  enters  Buckner's  ridge  at  probably  2  miles  from 
Pattonsville.  An  ill-exposed  space  of  about  10  yards  exists  here,  but  there 
seems  to  be  no  reason  to  suppose  that  any  rock  lower  than  the  Hamilton 
shale  is  brought  to  the  surface.     The  Robinet  '^ores"  are  clearly  absent. 

In  Buckner's  ridge  the  calcareous  sandstones  and  silicious  limestones  At 
the  base  of  the  Knox  group  have  a  dip  of  45  degrees,  which  soon  decreases 
to  30  degrees.  With  these  are  thin  beds  of  shale,  and  the  whole  thickness  is 
not  far  from  500  feet.  Above  this  series  are  shales  with  irregular  beds  of 
impure  limestone,  in  all  about  1000  feet  thick.  These  are  followed  by  massive 
limestone,  some  of  it  dolomite,  which  extends  beyond  the  divide  and  appears 
on  the  waters  of  Little  Stock  creek.  The  exposures  are  indistinct  beyond  this 
divide,  until  at  some  distance  one  comes  to  shales  which  bear  close  resem- 
blance to  those  which  rest  on  the  calcareous  sandstones.  These  shales  are 
well  shown  along  Little  Stock  creek,  which  flows  between  them  and  the 
massive  magnesian  limestones.  The  shales  are  badly  twisted.  The  creek 
flows  through  a  tunnel  in  the  limestone,  which  is  not  far  from  600  feet 
long,  and  from  10  to  15  feet  high. 

Few  observations  were  made  in  Big  ridge,  the  continuation  of  Copper 
ridge  beyond  Clinch  river.  The  rocks  are  the  same  as  those  seen  in  Copper 
ridge  and  it  is  altogether  probable  that  the  reports  respecting  the  occurrence 
of  iron  and  manganese  ores  are  true.  One  may  not  do  more  than  to  assert 
the  mere  occurrence  of  these  ores,  as  nothing  has  been  done  to  determine 
the  extent  of  the  deposits. 
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The  Ba%iern  Divi$ion, 

The  gradual  disappearaDce  eastward  of  the  Pattonsvlllo  and  Wallen  Val- 
ley faults  Ims  permitted  the  reteutlou  of  much  newer  rocks  on  the  eastern 
than  on  the  western  part  of  Powell  mountain  :  so  that  on  the  former  the 
Quinnimont  group  and  not  the  Medina  sandstone  forma  the  crest  of  the 
ridge. 

Powell  mountain  has  an  ahrupt  slope  on  the  north-westerly  side,  and  the 
face  toward  Slemp's  gap  Is  so  steep  that  it  gm\  be  climbed  only  with  great 
difficulty.  The  succession  of  the  rocks  on  these  bluffs  is  distinct,  the 
Quinnimont  group  forming  the  rim,  with  tlie  Lower  Carboniferous,  the 
Devonian  and  tlie  higher  beds  of  the  Silurian  in  order  below  it.  No  de- 
tailed section  was  made  here,  but  the  Chemung,  if  present,  must  be  ex- 
tremely thin,  and  tlie  probtibilities  are  altogether  in  favor  of  the  conclusion 
that  it  is  wlioUy  wanting. 

The  Hamilton  shales  are  well  shown  on  the  road  following  the  foot  of 
Powell  mountain  and  they  contain  carbonaceous  bands  in  which  thin  streaks 
of  c^cU  occasionally  ocK^ur.  One  of  these  was  seen  at  barely  half  a  mile  below 
Ward's  mill.  The  Lower  Carboniferous  rocks  make  a.  well-defined  band, 
curving  round  the  end  of  the  ridge  in  SIemp*s  gap  and  continuing  to  im- 
mediately beyond  Powder  Mill  gap,  terminating  where  the  Hunter  Valley 
road  leaves  the  line  of  railroad.  The  Mountain  Limestone  group  is  ex- 
posed near  the  school-house  not  far  from  the  railroad,  where  it  contains 
PentremiUt  godonii,  Zaphrentis,  Productus  Bemi-reticulntus^  and  ChoMtes. 
The  Hamilton  shale  is  shown  between  it  and  tlie  calcareous  stindstone  of 
the  Knox  gmup,  turned  up  by  the  Hunter  Valley  fault  or  Clinch  River  up- 
lift. No  traces  of  any  lower  rocks  were  observed  between  the  limestone 
and  the  line  of  fault. 

The  rocks  of  the  Knox  group  form  a  sharp,  though  low  ridge,  which  is 
continuous  into  Russell  county.  The  Hunter  Valley  road  lies  i)ehind  the 
ridge  and  soon  rises  upon  the  Quinnimont  rocks,  which  seem  to  be  in  con- 
tact with  the  beds  on  the  opposite  side  of  the  fault.  This,  probably,  is 
not  the  case,  but  the  coat  of  debris  between  the  last  definite  exposures  of 
the  conglomerate  and  the  base  of  the  sandstone  wall  is  so  thick  as  to  con- 
ceal everything. 

Coal  blo83oms  have  been  seen  in  all  the  hollows  leading  from  the  northern 
side  of  Hunter  valley  into  Powell  mountain.  Some  coal  has  been  obtained 
ftlong  the  Laurel  Fork  of  Stock  creek,  at  probably  two-thirds  of  a  mile 
trom  the  valley,  but  the  gorge  is  so  close  and  rugged,  that  the  coal  can  be 
brought  down  only  by  packing  it  on  men's  shouldera.  In  a  bed  which  has 
been  opened  along  the  main  stream  at  only  a  few  yards  f^om  the  road,  the 
coal  is  decide<lly  good,  being  preferred  to  all  others  by  blacksnilths ;  but 
the  bod  is  badly  distorted  and  crushed.  It  stands  at  an  angle  of  45  degrees 
and  varies  in  thickness  from  2  inches  to  14  inches  within  a  distance  of  two 
or  three  feet.  The  sharp  dip  prevails  to  nearly  half  a  mile  from  the  valley, 
where  it  changes  suddenly  and  becomes  not  more  than  6  or  6  degrees.    At 
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say  a  mile  from  the  road,  Mr.  Horton  has  opened  a  bed  on  Stock  creek, 
where  the  exposure  is : 

Sandstone 20' 

Shale 5' 

Coal  bed 2'  to  8' 

Clay,  seen 0'  8" 

The  roof  is  very  insecure,  the  shale  being  slickensided  in  nests,  and  a 
serious  fall  was  seen  at  80  feet  from  the  mouth  of  the  pit.  The  coal  is 
regular,  shows  no  signs  of  crushing  such  as  those  observed  in  the  higher 
bed  and  is  an  excellent  fuel  for  domestic  use.  It  contains  a  good  deal  of 
pyrites  and  blacksmiths  complain  that  they  need  much  borax  when 
using  this  coal.  Not  a  little  mining  has  been  done  here  and  some  of  the 
coal  has  been  carried  to  Estillville,  nearly  20  miles  away. 

The  higher  bed  is  evidently  the  same  with  that  seen  in  Pennington's  gap 
under  the  "Bee  Rock.''  Its  characteristics  and  those  of  the  rock  above 
and  below  it  are  the  same  with  those  observed  in  that  gap.  The  lower  bed 
is  not  shown  in  the  gap  and  it  must  belong  somewhere  in  the  ill  exposed 
interval.  No.  7  of  that  section,  as  bold  cliffs  of  conglomerate  were  seen 
below  it.  The  interval  between  the  two  beds  cannot  be  determined  with- 
out careful  instrumental  measurement. 

The  upper  bed  has  been  opened  by  Mr.  H.  Stone  at  about  a  mile  further 
up  Hunter  valley.  His  pit  has  fallen  in  and  the  bed  is  concealed,  but  its 
features  as  described  by  Mr.  Stone  are  similar  to  those  observed  at  Mr. 
Bailey's  pit.  Coal  blossoms  occur  at  several  places  on  Core  creek,  a  tribu- 
tary to  Clinch  river  flowing  from  the  valley  across  the  fault ;  but  no 
attempt  has  been  made  to  ascertain  either  the  thickness  or  the  quality  of 
the  coal.  Mr.  Pinckney  Carter  has  opened  two  beds  on  Stony  creek.  The 
upper  of  these  is  in  all  probability  the  same  with  that  opened  by  Mr. 
Bailey  and  Mr.  Stone,  and  it  is  exposed  on  Stony  creek  at  somewhat  less 
than  one-fourth  of  a  mile  above  Mr.  Carter's  house.  It  resembles  a  pocket 
rather  than  a  bed  and  dips  at  somewhat  more  than  80  degrees.  The  open- 
ing extends  along  the  face  of  the  cliff  for  about  85  feet ;  the  eoal  is  three 
feet  thick  at  the  thickest  place  but  pinches  out  on  each  side  to  nothing. 
More  than  10,000  bushels  of  coal  are  said  to  have  been  taken  from  this 
clumsy  pit  and  packed  down  a  rocky  trail  by  the  diggers.  The  coal  is  ex- 
cellent for  blacksmiths'  use.  Another  bed,  at  probably  300  feet  further  up 
the  stream  calculating  in  the  direction  of  the  dip,  is  2  feet  thick.  A  third 
bed,  also  about  2  feet  thick,  which  is  shown  at  say  onc*fourth  of  a  mile  up 
the  left  hand  fork  of  the  creek,  has  but  an  insignificant  dip.  The  several 
openings  seen  along  this  stream  probably  belong  to  this  bed. 

Clay  iron-stone  occurs  in  moderate  quantity  in  the  shaly  beds  of  the 
Quinnimont  group,  but  there  is  not  enough  to  be  of  economical  import- 
ance. 

The  peculiar  structure  of  the  Hunter  Valley  fault  in  the  vicinity  of  Stony 
creek  has  been  explained  in  another  part  of  this  memoir.  The  fault  appears 
to  be  simple  until  within  less  than  two  miles  of  that  creek,  and  the  only 
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rock  shown  at  the  base  of  the  Knox  wall  is  some  Hamilton  shale.  But  at 
Mr.  Boatwright's  place  on  Stony  creek,  the  Lower  Carboniferous,  Hamil- 
ton, Oriskany,  Lower  Helderberg  and  Clinton  were  all  recognized  between 
the  Conglomerate  and  the  Enox  group.  These  seem  to  come  in  reversed 
order  as  already  explained. 

The  exposure  on  Mr.  Boatwright's  property  is  good.  Two  beds  of  the 
Clinton  ore  wjere  seen  there,  which  represent  the  upper  and  middle  beds  of 
the  Poor  Valley  ridge.  The  upper  bod  is  silicious  and  no  special  investi- 
gation of  it  was  made.  The  other  was  exposed  to  a  thickness  of  2  feet  for 
examination  and  it  is  said  to  be  6  feet  thick  in  an  excavation  now  filled  up. 
But  this  thickness  is  doubtless  an  exaggeration,  and  the  excavation  may 
have  followed  the  dip,  which  Is  abrupt.  Leptocalia  hemUphwita  was 
recognized  in  this  bed.    The  ore  analyzed  by  Mr.  McGreath  yielded  : 

Metallic  iron 43.650 

Sulphur 0.008 

Phosphorus 0. 101 

Insoluble  residue 81.480 

The  Lower  Helderberg  brown  hematite  is  exposed  at  several  localities 
here  on  both  sides  of  Stony  Creek  valley.  Samples  of  the  ore  analyzed  by 
Mr.  McCreath  showed : 

Metallic  iron , 41.875 

Sulphur 0.060 

Phosphorus 0.800 

Insouble  residue ,  .22.200 

But  it  is  clear  that  the  samples  fVom  this  bed  are  not  altogether  fkir,  as 
the  yield  in  a  forge  seems  to  have  been  greater  than  the  amount  of  iron 
shown  by  analysis.  This  ore  was  digged  to  some  extent  for  use  at  the  forge 
on  Moccasin  creek  near  Estillville  ;  but  the  diggings  were  abandoned 
many  years  ago  and  the  samples  were  taken  from  loose  pieces  which  had 
been  weathering  for  probably  20  years.  The  limestone  of  the  Lower  Hel- 
derberg is  very  fossiliferous  and  its  species  ally  it  closely  to  the  Delth>ri8 
Shaly  Limestone  of  the  New  York  group.  The  Oriskany  sandstone  is  well 
shown  and  contains  Streptorhynehua  hipparionyx. 

There  is  little  of  interest  between  the  Hunter  Valley  fault  and  Clinch 
river.  In  descending  Stock  creek,  one  finds  himself  constantly  in  the 
shales  and  limestones  of  the  Enox  group  and  the  dip  is  not  rapid  until  near 
the  river.  The  creek  flows  through  a  great  tunnel  in  magneslan  limestone. 
The  limestone  is  so  magneslan  that  the  inhabitants  of  the  neighborhood 
use  it  as  a  purgative  instead  of  epsom  salts.  Midway  in  the  cliff,  which 
overhangs  the  mouth  of  the  tunnel,  is  the  entrance  to  a  great  cave  which 
reaches  to  within  65  feet  of  the  summit  of  the  hill.  The  tunnel  is  500  feet 
long,  25  feet  high  and  85  feet  wide.  The  surveyed  line  of  Uie  Bristol 
Narrow  Quage  Railroad  passes  through  It. 

The  elevated  area  known  as  Rye  cove  is  but  a  little  way  east  tram  Stock 
•creek.    There  the  dip  of  the  limestones  is  gentle  and  the  projecting  rocks 
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ial^rfVre  muterinHy  wUh  A|tHciiUuml  o))omUons.  Beiw««ii  Uie  mouth  of 
Stony  cnH«k  mui  Umy*s  ftml»  (l>ur  tnllo«  (\trtUcr  up  CUuch  rlvt'r»  the  rocka 
show  timi  tht»y  hAve  do^riboil  4  foUl,  Along  Stony  rrt<?k,  \\w  cnlcurwus 
Mndstono^  Ht  i\w  \vm»o  of  tlio  Knox  group  »ra  »lio\vn  9Uc<mkh)(hI  by  »)mlM 
as  neiur  t)u«  Nurili  Fork  ot  Clinch  ;  aIh)vo  the«e  are  massive  magnesl«ui  Um«* 
aton«»8  (xmiainlng  much  oxliit>  of  irtm  and  coveriKl  with  4  nni  soil.  But, 
as  in  so  many  otlM^r  UnviiiiicA,  tho  limestones  are  so  poorly  ex)X)sed  that  the 
structure  cannot  bo  made  out«  Near  the  river,  the  shales  ar«  shown  a|(ain 
and  are  vertical,  giving  evidence  ot  having  been  sul^Jected  to  enormous 
pressurt*. 

CV/>;)#r  ri\/yt  lies  l>etween  Clinch  river  and  Cop))er  creok«  It  con^sts  of 
three  narrow  ridges  formeii  by  the  branches  of  streams,  which  flow  longi- 
tudlnally  through  it  The  low  divides  mH^aslonally  render  this  sulKlivlsion 
obscurts  bui  such  oliscurity  is  usually  or  short  <x>ntinuance«  The  rtn^ka 
belong  to  the  Knox  and  the  Trenton  and  Nashville  gnm^^s  of  StUforiL  The 
sulHlivision  into  ridges  is  mainly  due  to  the  thick  cherty  beds  of  the  Knox 
gnnip, 

A  pyritous  calcareous  sandstone,  holding  some  Ihnestones,  is  shown  at  the 
flaU  of  the  ridgtt  aUmg  Clinch  river  It  Inrars  close  resemblance  to  the 
calcareous  sandstone  at  the  l^a^e  of  the  Knox  grt>up,  so  close,  Indeevl,  that 
the  writer  at  one  time  lH*lieviHl  that  it  was  the  same  and  that  Its  presence 
b  due  to  a  fault.  But  it  is  not  succeeiled  by  sliales  such  as  are  sliown  near 
the  Hunter  Valley  fault. 

The  dip  is  abrupt  near  Clinch  river,  but  lH>ctnnes  gentler  within  the  ridge, 
only  to  iH'come  abrupt  once  more  towanl  the  southerly  side  of  tlie  ridge« 

The  cherty  rv^ks  of  the  Knox  gnnip  carry  brown  hematites  and  oxide  of 
mAngtinese,  of  which  fhigments  occur  plentifVilly  along  the  crests  of  the 
minor  ridges,  0|Hmings  have  been  made  at  several  places  to  supply  ore  to 
Whitens  forgt*  on  MiHx^aain  creek ;  but  these  have  been  aluuidoned  t\>r  a 
long  time  and  only  fVagments  of  the  ore  could  be  found*  The  mangtmese 
at  some  localities  is  dccideilly  gtHHl,  as  apfteara  ttoiw  Mr«  McC^realh's  analy- 
sis  of  sam^Ues  (torn  the  Sailing  pro|Hirty,  which  Is  as  follows  : 

Metallic  manganese « « . « . ,  .51.405 

MeUlllc  irvm 0.567 

Sulpliur 0.000 

Pluwphorus 0.0d7 

Insoluble  residue «....,,.,«,.... 8.0^) 

This  ore  contains  10,141  |>er  cent,  of  baryta.  The  percentage  of  binos^ 
tde  of  maugtuiese  is  81.455. 

V.  Arra  Drainrd  by  tur  Hoi^sti^n  Bivrr. 

Xo  examinations  were  made  in  this  area  west  fVom  the  BstlllvUle  and 
Reeily  cret^k  road. 

The  nvks  of  Hocctisln  ridge  lielong  wholly  to  the  Knox  and  the  Trenton 
and  Naslivllle  gnm|ic  but  Uie  higher  IhMs  of  the  latter  group  are  reached 
only  on  Uie  nortlierly  side  of  Clinch  mountain.    Very  g«HHl  ex(H)sure6  of 
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that  group  and  of  the  upper  part  of  the  Knox  group  can  be  obtained  in 
passing  from  Clinch  mountain  through  Estillville  and  thence  towards  Cop- 
per creek»  by  either  the  Rye  Cove  or  the  Stony  Creek  road.  The  higher 
beds  of  the  following  section  were  seen  on  the  former  road,  while  the  lower 
beds  were  examined  on  the  latter.  There  may  be  an  error  in  No.  15,  for 
that  is  the  horizon  at  which  the  two  sections  were  Joined,  and  the  thick* 
ness  of  tliat  mass  may  be  greater  than  is  given.  All  thicknesses  ara  based 
on  estimates,  the  dip  being  such  that  instrumental  measurement  is  neces- 
sary for  accurate  determinations : 

Trenton  and  Nashville  Group. 

1.  Shale  and  thin  limestone 600' 

2.  Limestone  and  calcareous  shale 25' 

8.  Calcareous  shale 180' 

4.  Limestone 70' 

5.  Shale 65' 

6.  Limestone 45' 

7.  Shale 50' 

8.  Massive  limestones 200' 

Knox  Oroup, 

9.  Cherty  rock  and  limestone 160' 

10.  Limestone  and  shale 120' 

11.  Concealed 60' 

12.  Cherty  rock :...,  105' 

18.  Light  blue  limestone 55' 

14.  Concealed 15' 

15.  Limestone,  shale  and  chert  beds 800' 

16.  Variegated  shale 70^ 

17.  Limestone 250' 

18.  Shale 60' 

19.  Limestone 260' 

20.  Shale 80' 

21.  Silicious  limestone 200' 


Total,  Trenton  and  Nashville,  1185' ;  Knox  group  exposed,  1745' 

No.  21  is  exposed  along  Copper  creek,  and  is  the  rock  which,  in  this 
memoir,  has  been  regaitled  as  marking  the  base  of  the  upper  division  of  the 
Knox  group.  The  dip  thi^oughout  Moccasin  ridge  is  not  fur  fVom  80  de- 
grees, but  the  rate  increases  on  Clinch  mountain,  that  at  the  base  of  No.  8 
being  42  degrees. 

No  continuous  exposure  of  the  shales,  No.  1,  was  seen  ;  but,  as  fUr  as 
observed  here,  the  features  are  the  same  as  on  the  northerly  side  of 
Wallen's  ridge.  Thin  limestones  wera  seen,  several  of  which  are  fossil- 
iferous.  No.  2  is  well  shown  on  the  side  of  Clinch  mountain  at  the  residence 
of  Mr.  R.  A.  Ay  res,  opposite  the  village  of  Estillville,  where  it  consists 
of  limestone,  2' ;  calcareous  shale,  10' ;  ferruginous  shale,  5' ;  limestone, 
8'.   The  upper  limestone  is  impure,  irregularly  bedded,  and  contains  a  few 
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fossils ;  the  lower  limestone  is  ligbt  gray,  weathers  blue,  is  richly  fossil- 
iferous,  and  contains  some  pyrites.  No.  3  is  shown  at  the  same  locality,  and 
also  along  the  road  from  Esiillyille  to  Moccasin  gap.  It  consists  of  red  and 
brown  shales  on  Mr.  Ayres'  property,  more  or  less  calcareous,  with  some 
beds  of  limestone,  which  become  more  important  at  the  exposures  near 
Moccasin  creek.  No.  4,  as  exposed  along  the  road  to  Mr.  Ayres'  house,  is 
an  almost  continuous  mass  of  limestone,  much  of  it  in  thick  beds,  and  some 
parts  of  it  fossiliferous.  Several  of  the  thicker  layers  are  streaked  with 
white  calcspar.  The  color  varies  from  flesh-color  to  light  gray,  and  there 
are  parts  which  should  take  a  high  polish  and  be  valuable  as  marble.  But 
the  greater  part  of  the  mass  is  somewhat  argillaceous,  and  the  weathered 
surface  shows  many  flaws  and  distinct  lamination.  The  unequal  composi- 
tion of  some  of  the  thick  beds  unfits  them  for  ornamental  use,  and  their 
unequal  resistance  to  the  weather  unfits  them  for  building  purposes.  This 
series  is  well  shown  along  the  foot  of  Clinch  mountain  for  many  miles. 

No.  5  and  6  are  much  alike,  the  great  difference  being  in  the  relative 
quantity  of  limestone  and  shale,  limestone  predominating  in  the  lower  and 
shale  in  the  upper  bed.  The  limestone  is  more  or  less  nodular  in  both. 
This  mass  reaches  to  the  "bottom  **  of  Little  Moccasin  creek  and  is  well 
exposed  on  Mr.  Ayres'  property.  No.  7  is  concealed  in  the  immediate 
vicinity  of  Estillville,  but  a  roadside  exposure  shows  it  to  be  filled  with 
yellow  shale. 

No.  8  is  an  important  mass,  economically  as  well  as  stratigraphically. 
It  includes  the  marbles  of  the  series.  The  beds  are  all  massive,  from  10  to 
20  feet  thick,  and  are  separated  by  thinner  beds  of  shale.  Many  of  them 
are  finely  granular,  others  have  a  conchoidal  fracture  ;  the  colors  are  light 
gray,  dark  gray,  reddish  or  fiesh-colored,  brown  and  nearly  black.  Some 
of  the  beds  are  streaked  with  white  calcspar,  others  are  fossiliferous,  with 
the  fossils  replaced  by  calcspar,  so  that  the  rock  is  beautifully  mottled. 
This  effect  is  most  striking  in  the  reddish  marbles,  some  of  which  are  in  no 
wise  inferior  to  the  Tennessee  marbles  used  in  the  National  Capitol.  The 
beds  are  so  thick  that  blocks  of  any  desired  size  can  be  obtained.  These 
marbles  are  well  shown  in  the  streets  of  Estillville  as  well  as  along  the 
railroad  line  for  several  miles  beyond  that  village.  They  are  well  exposed 
at  many  points  along  Moccasin  creek  between  Estillville  and  the  Russell 
county  line.  The  limestone  of  No.  4  becomes  more  massive  on  Moccasin 
creek  than  it  is  nearer  Estillville,  so  that,  near  the  Russell  county  line,  it 
might  be  mistaken  for  the  marble.  This  series  is  shown  in  Copper  ridge 
near  Copper  creek  and  in  Big  ridge,  beyond  Clinch  river  near  Speer's  ferry. 

No.  9  is  cherty.  The  bed  immediately  underlying  the  marbles  is  12  feet 
thick  and  contains  very  little  limestone.  The  rock  directly  under  it  is 
purer  and  has  streaks  of  calcspar  with  lumps  of  chert ;  but  the  chert  grad- 
ually increases  downward  until,  at  little  more  than  midway,  it  predominates. 
With  it  are  some  beds  of  reddish  sandstcme.  Toward  the  base,  the  lime- 
stone increases.  This  mass  is  well  exposed  on  the  Rye  Cove  road  at  barely 
half  a  mile  from  Estillville  and  its  base  is  reached  at  a  few  yards  above  the 
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mill.  It  is  Ibe  first  ore  horizon  of  the  Knox  group.  The  extensive  dc|)oslt 
of  brown  hematite  on  Col.  Shoemaker's  property  near  Estillville  evidently 
belongs  here,  as  does  also  the  fine  deposit  on  tlie  Biff  Branch  of  Moccasin 
creek  at  about  8  miles  fVom  Estillville.  The  quality  of  this  ore  is  good,  as 
appears  (torn  Mr.  McCreath*s  analysis  of  samples  fh>m  Col.  Shoemaker's 
property,  winch  is  as  follows : 

Metallic  iron 58.S88 

Sulphur , 0.058 

Pliosphorus 0,075 

Insoluble  residue 8.840 

Ore  occurs  at  this  same  horizon  on  Copper  ridge»  having  been  opened  on 
the  McClennan  property,  near  tlie  Nickelsvillo  road. 

No.  10  is  not  fully  exposed  on  the  Uye  Cove  i*oad  and  h  better  shown  on 
the  Stony  Creek  road.  The  limestone  beds  are  ttom  5  to  15  feet  thick  and 
are  separated  by  beds  of  shale  fVom  10  to  20  feet  thick.  Very  little  chcr^ 
was  seen  here.  The  interval,  No.  It,  is  almost  wholly  concealed  on  the 
Rye  Cove  road  and  is  but  imperrectly  exposed  at  other  localities.  On  the 
former  road,  It  is  covered  with  red  soil  holding  much  Jaspery  rock  and  an 
excavation  near  its  bt\6e  has  uncovered  a  tliin  siliclous  bed.  At  some  im> 
perfect  exposures,  seen  elsewhere,  it  contains  much  white  cherty  rock.  In 
all  probability  it  is  but  a  continuation  of  No.  12,  which  is  very  slllcious 
and  cherty  in  its  upper  [)art ;  but  the  limestone  increases  bejow,  where 
chert  is  present  only  in  irregular  masses,  which  bear  much  resemblance  to 
colonies  of  Siromatopora.  Everywhere  it  sliows  more  or  less  of  oxide  of 
iron  and  some  of  its  cherty  beds  are  honeycombed.  Small  pockets  of  black 
shale  were  seen  in  several  places.  This  is  the  second  ore  horizon  and  many 
tons  of  brown  hematite  have  been  taken  fVom  it  on  Mr.  Morrison's  proper- 
ty near  Estillville. 

No.  15  is  not  shown  in  detail  at  any  locality,  but  it  is  one  of  the  most 
important  members  of  the  group,  having  been  distinctly  recognized  at 
many  localities  along  the  summit  of  Moccasin  ridge  and  along  the  middle 
and  nortliern  lines  of  summits  in  Copper  ridge.  For  50  or  60  feet,  it  is  a 
siliclous  limestone,  more  or  less  ferruginous  and  cherty,  which  passes 
downward  into  a  cherty  rock  resembling  those  already  described  and  con- 
taining numerous  thin  beds  of  light  gray  sandstone.  Below  the  middle  a 
tight  blue  limestone  occurs,  which  weathers  dirty  white,  and  is  pcr&lstent, 
having  been  observed  at  many  places  on  both  Moccasin  and  Copper  ridges. 
Toward  the  base  the  mass  l>ecomes  more  and  more  calcareous  until  it  passes 
finally  into  a  coarsely  granular  massive  limestone.  The  cherty  beds  are 
the  horiBon  at  which  some  of  the  most  important  ore  deposits  occur,  brown 
hematite  having  been  obtained  at  Mr.  Poston's,  in  Moccasin  ridge  near 
Bstillville,  as  well  as  at  several  other  localities  along  that  ridge  ;  while  on 
Copper  ridge,  extensive  digging  has  been  done  at  four  places  and  fine 
blossoms  were  seen  at  many  others.  Oxide  of  manganese  occurs  here  at 
one  locality  on  Moccasin  ridge  and  at  two  on  Copper  ridge.  The  manganese 
underlies  the  iron. 
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The  limestones  of  No.  17  are  well  shown  only  on  the  northerly  side  of 
Moccasin  ridge  along  the  Stony  creek  road  as  it  descends  to  Copper  creek. 
They  vary  from  flaggy  to  massive,  from  silicious  to  very  pure,  and  for  the 
most  part  are  gray.  Balls  of  chert  were  seen  in  some  of  the  beds.  Nos. 
19,  20  and  21,  are  practically  one.  The  upper  part  is  massive  and  a  fairly 
good  limestone  ;  it  contains  some  fossils  but  they  are  indistinct.  Further 
down,  the  rock  becomes  flaggy  or  thinner  bedded  and  the  silica  increases, 
until  the  whole  is  little  more  than  calcareous  sandstone.  Pyrites  begins 
near  the  bottom  of  No.  19  and  increases  to  the  bottom  of  No.  21.  This 
rock  bears  remarkably  close  resemblance  to  that  which  lies  at  the  base  of 
the  Knox  group  along  the  line  of  the  Hunter  Valley  fault. 

Clinch  mountain  is  a  bold  rugged  ridge,  very  narrow,  and  showing  a 
sharply  serrate  crest.  For  nearly  50  miles  it  has  but  one  water  gap,  and 
its  slopes  are  so  steep  that  no  wagon  road  passes  over  it  within  Scott 
county,  while  trails  for  riding  animals  are  few  and  difficult. 

The  Medina  sandstone  is  reached  at  the  summit  of  the  mountain,  and  for 
a  long  distance  forms  the  southerly  slope,  the  newer  rocks  being  found 
only  near  its  foot.  It  is  exposed  imperfectly  in  Moccasin  gap,  but  its  com- 
position is  shown  there  better  than  at  an  7  other  locality  within  Scott 
county.     The  succession  as  there  observed  is  as  follows : 

1.  Massive  sandstone,  much  of  it  conglomerate,  dark  gray 

to  almost  milk  white 75' 

2.  Massive  sandstone,  almost  like  quartzite,  no  grains 

shown  on  weathered  specimens ;  weathered  sur- 
face is  rough  and  jagged  ;  color  on  fresh  surface, 
bluish  white 150' 

3.  Concealed,  but  evidently  containing  some  shale  as 

well  as  some  white  sandstone 30' 

4.  Like  No.  2  except  that  in  some  portions  the  surface  of 

weathered  specimens  glistens,  while  the  other 
always  shows  a  dead  white  surface ;  weathered 
surface  irregular 60' 

Total 315' 

In  many  respects,  this  rock  bears  much  resemblance  to  the  silicious  beds 
of  the  Knox  group ;  so  much,  indeed,  that  one  would  find  difficulty  some- 
times in  deciding  the  relations  of  a  hand  specimen. 

Immediately  above  No.  1  of  the  section,  there  is  in  the  gap  a  hard  flinty 
rock  belonging,  in  all  probability,  to  the  Lower  Helderberg.  It  is  irregu- 
larly bedded,  loaded  with  oxide  of  iron,  contains  no  fossils,  and  is  not  more 
than  15  or  20  feet  thick.  Above  this  come  the  Hamilton  shales.  The 
Clinton  group  and  the  Oriskany  sandstone  are  evidently  absent. 

The  Medina  carries  a  brown  hematite  which  has  been  examined  at  3,  6, 
and  14  miles  east  from  Moccasin  gap.  Samples  taken  from  Mr.  Ayres' 
property  at  3  miles  above  the  gap  were  analyzed  by  Mr.  McCreath,  with 
the  following  results  : 
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Metalliciron * 48.825 

Sulphur O.OaO 

Phosphorus 0.926 

Insoluble  residue 19.010 

Ore  ttom  another  locality  was  mined  for  Whitens  forge  on  Moccasin 
creek,  and  it  is  said  by  Mr.  White  to  have  proved  even  better  than  the  ores 
fVoin  Moccasin  ridge. 

The  Lower  Helderberg  is  fairly  well  shown  at  little  more  tlian  2  miles 
east  fh)m  Moccasin  gap,  where  a  fine  grained  sandstone,  almost  a  true  grit, 
rests  on  the  Medina  conglomorate.  It  contains  many  fossils,  mostly  indis- 
tinct, among  which  are  Spirifer  and  PlatyceraSt  nearly  allied  to  Lower 
Helderberg  forms.  This  rock  shows  no  traces  of  iron  ore,  but  immediately 
above  it  is  a  fossil iferous  brown  hematite,  which  has  evidently  rephiced  a 
limestone  bed.  The  ore  is  bulky,  and  consists  chiefly  of  casts  of  a  FiwositeSt 
which  is  somewhat  cotxrser  than  Favoiites  fielderbergioi,  and  resembles  more 
a  form  occurring  in  the  Coniferous.  A  cyathophylloid  coral  was  obtained 
from  the  ore,  but  it  has  been  misplaced.    No  other  exposure  was  found. 

The  Hamilton  shales  are  exposed  at  the  mouth  of  Moccasin  gap  and 
thence  to  a  considerable  distance  up  the  side  of  Brushy  mountain.  Above 
these  are  the  Chemung  sandstones,  containing  Spir&phyton  and  Spinfera 
di^uneta,  and  forming  the  crest  of  Brushy  ridge,  the  first  ridge  of  Brushy 
mountain.  The  second  ridge  of  that  mountain  is  made  up  of  Lower  Car- 
boniferous rocks,  which  continue  along  the  Reedy  creek  road,  to  say  a  mile 
beyond  the  North  Fork  of  Holston  river.  Tliey  describe  a  synclinal  at  the 
river.  The  abutments  of  the  river  bridge  were  constructed  of  n>ck  from 
one  of  the  higher  limestones,  which  is  composed  almost  wholly  of  /^h<»> 
iUlla,  The  highest  beds  of  the  Lower  Carboniferous  are  mostly  bluish 
grits,  with  some  impure  limestones,  and  are  well  exposed  along  the  road 
as  it  follows  a  little  ravine  beyond  the  Holston  riVer. 

The  fault  of  North  Fork  of  Holston  is  reached  along  this  road  at  about  a 
mile  from  the  river  or  near  the  head  of  the  narrow  gap  just  referred  to.  This 
uplift,  brings  the  limestones  and  cherts  of  the  Knox  group  again  to  the  sur- 
face and  these  continue  as  tlie  surface  rocks  to  the  Tennessee  line.  Their 
features  are  the  same  as  on  Mocctisin  ridge. 

A  **  \yoot  valley  '*  between  Clinch  mountain  and  the  first  ridge  of  Brushy 
mountain,  extends  from  the  Tennessee  line  to  far  beyond  the  limits  of  this 
reconnaissance  in  Wtishington  county.  The  Hamilton  shales  are  exposed 
at  many  localities  in  it,  but  the  succession  of  the  group  is  obtained  best 
by  tying  the  partial  section  made  in  Moccasin  gap  to  that  made  along  the 
railroad  grade  between  Mendota  and  the  North  Fork  of  Holston.  The  es- 
timated thicknesses  are  as  follows  : 

1.  Dark  sandy  shale,  fossil  iferous,  shown  in  the  railroad 

excavations 180' 

2.  Yellow  to  ash  colored  shales,  mostly  well  exposed  in 

the  railroad  excavations,  but  the  base  seen  only  on 
the  Abingdon  road  between  Mendota  and  Moc- 
casin gap  ;  dip  46  to  50  degrees 550' 


8*  Dark  llMile  »h»lo.  witU  thin  IhhU  ofiwiuUtoiit^i  \mrtkl 

but  bc»t  thown  In  tho  gnp .««•«««• « • «  lAO' 

T\>tttl ("130' 

Th9  winiUton<^  IhhIh  In  Na  U  iiit»  Ane  gntlntnl,  \^ry  wUUo  itnd  pit)v«  to  Ih>  an 
«»xct«n«»nt  flri»»tont*.  Tbrnt^  itit»  «lu»\vn  In  tlio  Ablngilon  rtutd  nt  (tovt^ml  Uh'aII- 
tIcHi  iH^twwn  Mt>iuU>tA  itnd  MiHVA»ln  )iiii\  tM  \kv\\  h«  Ju«t  Ih>1o\v  tho  mouth 
of  \tit  imp.  Much  of  thU  nmt<^iiiU  wiin  u^tnl  «%t  lining  at  Uualion)t'«  f\ir« 
imo«»,  40  mWm  away  In  Tt>nnoMi<Hs  to  which  It  wiu  oarrltn)  by  w(t,4tMt«  The 
nhitlcd  iir«  very  ikrk*  and  itt  many  UH^aUtlc«  along  the  (bot  of  Clinch  moun- 
tain  they  arc  m  Imdiy  wrlnkknl  iw  mica  achl»t«  but  they  «how  no  evidence 
of  met^unorphlnm  Two  thin  btnU  of  highb*  cartH^natHmua  ahale  occur  at 
the  lm»e  of  thl»  )irou|\  which  have  Ihhm)  mUtaken  at  neveral  t>)aitv»  (i\T  cottl. 
They  contain  enouitli  carlH)naiHH>u»  matter  to  burn  and  «oiuetlme9  Uiey 
yield  a  j>le<*e  of  lUlrly  |^HH^  eoiU. 

The  fheniunfi  nx'ka  are  Miown  In  all  the  ravlnoa  cro^alnjt  the  flrtt  ridgo 
of  Uru«hy  mountain.  An  e\ct»Ucnt  e\|H)«ure  l«  at!\mlcd  by  the  raUn>tu\  ex* 
cavatlon  near  the  Norlh  Fork  of  UoUton  rl\*er,  where  the  jjwup  Ureprt^wnt- 
e^l  by  «halc»  and  Mtnd«tone»  nu^tly  b^uvnl«h  (tray  and  not  (kr  fhnu  U(K)  (Vet 
thick.  A  ct)n,itlomerate  layer,  4  to  it  Inches  thick*  waa  aeeu  very  near  the 
top  and  another  of  about  the  »ame  thlckneaa  at  dO  feet  lower.  Fo»»lle 
were  Rmnd  Itumetllately  alH>ve  the  up|>er  layer  aa  well  aa  at  10  ft>et  \>elow 
It ;  anu>n|t  the»e  are  Sfi(t(f¥m  tli»J^Hifl49^  «4^fy|>ti  <i«|)#r«i  and  a  ('A«»M#t(»«. 
Ft»r  the  mivftt  part  the  atHnMntent  are  l>adly  prc»ervtHl«  a»  the  la^'cra  In 
which  they  t>ccur  are  tVrrujtiiuutt  jtritt  and  the  AvmUh  are  rect>gnl«uble  only 
on  the  weatheretl  surface.  ^>♦>{/Vr«l  tNsjHHcki  and  i^tnlHtMla  hi»jfi^ii  were 
Anind  on  fii\|tmenta  of  eand^tone  beUw}tln)t  mldwt^  In  the  grou|\  and  a 
Spir\u*^jfUm  ct)ver«  many  lay  era  near  the  lws»e. 

The  Ohentun^t  l«  imccetnled  by  the  lower  memlter  of  the  slllcloua  (troup  of 
the  Lower  CarUuU(V?tn)ua«  The  two  gr\Ht|¥i  are  ctmtUrmabhs  and  the  Junc« 
tlon  U  well  iihown  In  the  rallntad  cut« 

A  i^HHl  eetnUu)  of  the  Lower  Oarlionlfbn^ua  waa  obtained  between  this 
|H>lnt  and  the  IloUton  (kult  by  fVdlowlug  the  railroad  line.  It  le  aa  H^llowa ; 

\ .  :^nd«tonea«  llmeattmea  and  ehalea.  «»••»».»*,«•••••  800' 

d«  ralcaretm«»halea.., «.•«.«•,«  ,..•««*••«..*« «    00* 

Ik  Ooncealwl 40' 

4.  Calcareou«»hale  ..«*,«««..««.««.«.*.»  «...»,«..*»  1(W 

A.  LImeatone  ««.»»«•*,««.*»« «...««...,«»*.•«  \W 

ft.  ltn|»er(^tly  eX|H4ied.  .«•*»*«.«. • « « • «  dW 

7.  L I  meatone  * « ..«•*..«»««« «*«««»*. 15' 

^  Hhalee 30* 

0.  LImeatone,  ..«...«,,«•,, .««,««. , 50' 

1 0«  8hale«  lm|)er(^tly  extH>«ed. . « • « «  , ««.««,.«..    05' 

XL  LImeatone  .«,.«,«»%..,,«,««..,•«.,«»,,«.,«,** 13' 
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12.  Shale 80' 

18.  Limestone « 6' 

14.  S  hale 75' 

16.  Limestone 20' 

16.  Shale 150' 

•17,  Limestone 6' 

18.  Sliale 60' 

19.  Limestone 80' 

20.  Argillaceous  limestone 60' 

21   Granular  to  argillaceous  limestone 100' 

22.  Argillaceous  limestone 85' 

28.  Concealed 25' 

24.  Granular  limestone 80' 

25.  Granular  limestone 25' 

Silieious  Group, 

26.  Cherty  limestone ,  70' 

27.  Granular  limestone 85' 

28.  Cherty  massive  limestone 65' 

29.  Concealed 10' 

80.  Limestone 80' 

81.  Concealed 60' 

82.  Limestone  and  shale 40' 

83.  Massive  limestone 125' 

84.  Sliales  and  thin  limestones 90' 

85.  Limestone 80' 

86.  Calcareous  shale 85' 

87.  Limestone 25' 

88.  Shales,  sandstones  and  calcareous  grits. 100' 

Total,  Mountain  Limestone  group,  2270' ;  Silicious  group,  755' 

These  thicknesses  are  all  estimated,  except  those  fVom  No.  7  to  No.  15. 
No.  1  was  seen  in  the  gorge  of  Wolf  creek  ;  Nos.  2  to  20  inclusive  were 
obtained  along  Abraham  creek ;  Nos.  21  to  80  inclusive  are  exposed  in 
the  river  bluff  below  the  railroad  bridge ;  and  Nos.  81  to  88  are  shown  in 
the  railroad  excavations  along  the  river  bank. 

No.  1  shows  much  the  same  features  as  in  Pennington's  gap,  as  well  se^ 
along  the  road  leading  south-east  from  Mocctisin  gap.  Its  base  is  reached: 
at  the  forks  of  Abraham's  creek,  at  say  one  mile  tVom  the  North  Fork  ofi 
Holston  river.  This  mass  forms  the  left  hand  wall  of  Wolf  Creek  gorge,, 
through  which  tlie  railroad  passes  for  several  miles.  Here,  doubtless,  a> 
detailed  section  could  be  obtained,  but  the  wall  is  very  steep  and  its  ascent 
would  bo  attended  with  danger.  The  greater  part  of  the  rock  is  a  more  or 
less  ferruginous  ctilcarcous  grit,  much  of  which  is  dark  blue  on  the  Areeh 
surface ;  but  the  iron  and  lime  are  easily  leached  out,  so  that,  on  exposure, 
fragments  become  "rotten"  to  a  depth  of  several  inches.  Some  portions 
are  very  fine-grained  and  hard,  so  as  to  be  fit  for  grindstones  ;  these  are 
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well  shown  on  a  fork  of  Wolf  creek,  known  as.  Whetstone  hollow.  A  few 
of  the  beds  are  fossiliferous,  but  nothing  can  be  obtained  from  a  fresh 
piece,  while  the  weathered  specimens  are  so  tender  that  specimens  are  ruined 
in  the  effort  to  free  them  from  the  rock.  Huge  stems  of  crlnoids  and  some 
indistinct  specimens  of  Choneies  were  seen.  The  limestones  are  light  blue, 
argillaceous  and  non-fossiliferous.  The  shales  are. usually  reddish,  but 
they  form  only  a  small  part  of  the  mass.  No  massive  sandstone  was  ob- 
served here  such  as  was  seen  in  Pennington's  and  Big  Stone  gaps. 

Nos.  2,  3  and  4  probably  should  be  accounted  as  part  of  No.  1 ,  but  the 
shales,  for  the  most  part,  are  calcareous  and  resemble  some  lower  beds 
more  than  they  do  those  of  Wolf  creek.  The  shales,  Nos.  8,  10,  12,  14, 
16  and  18  are  light  blue  to  reddish  blue  on  the  fresh  surface  and  weather  to 
a  dirty  or  muddy  yellow.  A  fresh  edge  seldom  shows  lamination,  but  the 
weathered  surface  shows  it  distinctly.  These  beds  are  generally  well  ex- 
posed in  the  bed  of  Abraham's  creek,  along  side  of  which  the  railroad 
grade  runs.  Fossils  occur  rarely  in  these  shales,  and  the  only  distinguish- 
able specimens  seen  belonged  to  a  broad  form  of  Spirifera  leidyi. 

The  limestone.  No.  5,  well  exposed  at  the  roadside  and  in  the  hills  at  but 
a  little  way  below  the  mouth  of  Wolf  creek,  is  blue,  but  weathers  yellowish 
white  ;  it  is  composed  chiefly  of  a  Fenestella,  but  some  layers  have  many 
specimens  of  AthyriB  and  Productus.  Nos.  7  and  15,  both  of  which  are 
well  shown  in  the  creek  bed  as  well  as  in  the  hill,  have  a  similar  origin,  and 
the  Feneatella  is  distinctly  shown  throughout  with  only  a  rare  ProductuH 
and  Zaphrenti8.  These  two  beds  are  exceedingly  hard.  No.  15  is  the  same 
with  that  of  which  the  bridge  abutments  for  the  Reedy  Creek  road  were 
constructed  at  the  North  Fork  of  Holston  river. 

No.  6  continues  from  Mr.  Kay  lor' s  residence  on  Abraham's  creek  down 
the  stream  almost  to  his  mill,  at  probably  two-thirds  of  a  mile  from  the 
river.  It  has  more  than  one  bed  of  limestone  and  is  closed  by  a  sandstone 
at  the  top.  Below  this  interval,  the  section  is  almost  continuous  to  the  base 
of  the  series.  No.  9  is  shown  at  the  mill ;  it  varies  from  light  to  dark  blue 
or  almost  black,  and  shows  many  stems  of  crinoids,  with  FenesteUa  and  a 
Spiriferina  closely  allied  to  8,  kentuckenais.  No.  1 1  is  a  handsome  light 
blue  limestone  and  contains  Athyris  subquadrata,  ProductuB  cora  and 
crinoid  stems,  which  occur  also  in  Nos.  17  and  19.  No.  21  is  an  important 
bed,  which  is  shown  at  the  mouth  of  Abraham's  creek  and  forms  a  broad 
band  on  the  cliff  around  the  bend  of  the  river  below  the  railroad  bridge. 
For  the  most  part,  it  is  coarsely  granular  and  dark  gray,  but  it  contains 
some  arscillaceous  layers  and  becomeil  a  blue  grit  near  the  base.  It  yields 
an  admirable  building  stone,  of  which  the  bridge  abutments  and  pier  have 
been  constructed.  The  rock  is  very  pure  and  burns  into  a  beautifully 
white  lime,  which  shows  no  trace  of  iron  when  slaked. 

No.  22  is  argillaceous  and  its  fragments  cover  the  narrow  bank  below  the 
bridge.  This  is  by  far  the  most  fossiliferous  bed  of  the  whole  series ;  Pro- 
ductus  cora,  Producius  elegans,  Athyris  subquadrata,  Spirifera  Uidyi^ 
Hemipronites  erassus,  Piniba  and  Allorisma  having  been  obtained  from  a 
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small  block.  Perhaps  tills  should  include  also  tho  concealed  interval 
below  it. 

Nos.  24  and  25  are  very  similar  to  No.  21 ;  they  are  granular,  and 
No.  24  is  massive.  No.  25  is  more  or  less  flaggy,  and  passes  into  a  hard, 
cross-bedded  calcareous  grit,  which  contains  not  a  little  chert. 

The  limits  of  the  two  groups  &n^  very  distinct,  and  only  a  few  feet  at  the 
bottom  of  No.  25  mark  the  transition.  Below  that  line»  chert  is  present  In 
nearly  every  bed.  Nos.  26,  27  and  28  are  alike,  except  that  very  little 
chert  occurs  in  No.  27.  Many  layers  of  No.  26  are  crowded  with  bryo- 
Eoans,  and  the  smaller  nodules  of  chert  are  casts  of  ProducUts,  Crinoid 
stems  are  abundant  in  No.  28,  which  is  massive  and  cherty  throughout. 
No.  88  is  well  exposed  in  the  railroad  excavation  ;  its  higher  beds  are  dark 
gray,  streaked  with  white  calcspar  and  contain  much  chert,  some  of  which 
certainly  has  replaced  a  CfuBtetesAike  form.  Fossils  occur  in  the  highest 
beds,  whei'e  sections  of  Produetus^  Athyria  and  PUurotomariaf  are  abun- 
dant ;  the  lower  beds  are  massive,  almost  black,  and  show  only  minute 
fossils.  No,  85  is  very  cherty  in  its  upper  and  mi\sslve  layers,  but  the 
lower  layers  are  somewhat  flaggy,  show  little  chert,  and  are  crowded  with 
crushed  fossils,  chiefly  Remipronites  and  Athj^ris.  No.  87  is  flesh  colored 
to  light  blue,  and  is  well  exposed  at  the  mouth  of  a  hollow  nearly  half  a 
mile  from  the  bridge  over  North  Fork  of  Holston.  There  it  describes  a 
short  abrupt  anticlinal,  which  is  nicely  shown  in  the  railroad  side-cutting. 
This  bed  is  the  base  of  the  upper  member  of  the  Silicious  group. 

No.  88  is  the  Protean  member  of  the  Silicious  group.  It  Is  not  fiilly 
exposed  as  the  little  hollow,  already  referred  to,  intervenes  between  the 
last  exposure  of  the  limestone  and  the  first  exposure  of  this  mass,  the  con- 
cealed interval  l)elng  perhaps  85  or  40  feet.  But  under  the  petty  anticlinal, 
the  upper  part  of  No.  88  is  shown  within  5  feet  of  the  limestone,  the  inter- 
val  being  filled  with  some  drab  clay,  which  may  belong  with  either  No,  87 
or  No.  88.  The  upper  part  of  No.  88,  as  far  as  seen,  is  a  fine-grained  sandstone 
with  smooth  fhicture,  but  this  passes  downward  into  shales  containing  a 
bed  which  is  highly  carbonaceous.  The  rocks  below  are  fine-grained  sandy 
shales  with  bods  of  blue  calcareous  sandstone  or  grit,  very  fine-grained  and 
breaking  with  irregular  fhicturo.  These  are  very  similar  to  the  beds  seen 
in  No.  1  of  the  section.  It  is  possible  that  eoal  occurs  in  the  concealed  imrt 
of  tliis  mass,  for  a  eo(d  bed  is  said  to  be  present  under  the  river  directly  oppo- 
site the  mouth  of  the  little  hollow.  The  only  fossil  seen  in  these  rocks  was 
a  fVagment,  which  probably  belongs  to  Leibrhynehua, 

These  beds  rest  comformably  on  the  Chemung,  as  already  stated. 

The  dip  of  the  rocks  varies.  In  No.  85  it  is  nearly  20  degrees ;  in  No.  25  It 
is  88  degrees  and  the  strike  is  N.  60^  E.  mag. ;  but  here  the  rate  increases, 
and  in  No.  24  it  becomes  40  degrees,  which  is  the  prevailing  rate  of  dip  up  to 
within  800  yards  of  the  mouth  of  Wolf  creek,  beyond  which  no  meitsure- 
ments  were  made.  It  is  not  at  all  improbable  that  a  fragment  of  the 
Quinnimont  group  remains  on  the  high  land  between  Abraham's  creek 
and  Wolf  creek. 
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The  Holston  uplift  is  reached  at  the  summit  between  Wolf  creek,  North 
Branch,  and  the  **  rich  valley  '*  of  Abraham's  creek.  There,  one  comes  to 
the  limestones  of  the  Knox  group,  in  contact  with  the  highest  rocks  of  the 
mountain  limestone  group,  and  two  miles  further  along  the  railroad 
line  the  cherty  beds  of  the  Knox  group  are  exposed.  These  are  shown 
very  near  to  Walker's  mountain  at  a  cross-road,  where  the  soil  is  very  fer- 
ruginous. The  limestones  of  the  overlying  group  are  shown  at  but  a  little 
way  from  the  gap  by  which  the  railroad  passes  through  Walker's  mountain. 

A  well-marked  fault  was  crossed  just  behind  Walker's  mountain  at  some- 
what more  than  four  miles  from  Bristol,  where  the  pyritous  calcareous 
sandstones  of  the  Knox  group  are  shown  in  the  gap  through  that  ridge. 
The  dip  is  abrupt  at  the  head  of  the  gap  and  increases  to  the  mouth,  where 
it  becomes  nearly  50  degrees,  and  the  shaly  layers  are  badly  twisted.  Ex- 
posures are  very  obscure  between  this  locality  and  Bristol,  where  the  line 
of  section  terminated  ;  but  the  limestones  of  the  Knox  group  are  shown 
here  and  there,  and  the  cherty  beds  of  that  group  pass  very  near  to  Bristol. 


PJiotodynamic  Notes »    By  Pliny  Earle  Chaser  LL.D, 
{Bead  before  the  American  Philoeophical  Society,  January  21,  1881.) 

1.  Chemical  Synchronism. 

Maxwell*  appears  to  have  originated  the  theory,  which  is  now  generally 
accepted,  of  the  equality  of  meantjw  viva  in  the  molecular  movements  of  dif- 
ferent gases,  at  equal  temperatures.  In  1863, 1  began  to  investigate  some  of 
the  consequences  ot  the  theory,  and  the  many  evidences  which  I  have  ad- 
duced, of  cyclical  and  harmonic  vibrations  in  atmospheric  and  sethereal 
media, f  have  more  than  justified  my  belief  of  its  importance. 

All  harmonies  in  elastic  media  necessarily  involve  some  form  of  syn- 
chronism, and  the  progress  of  chemical  physics  may  be  helped  by  a  knowl- 
edge of  the  general  kinetic  laws  upon  which  such  synchronism  depends. 
If  we  designate  velocity  by  v;  density,  by  d;  time  of  rotation,  by  t;  modu- 
lus, by  /*/  absolute  temperature,  by  T;  and  the  acceleration  of  a  central 
force,  by/,  Maxwell's  theory  may  be  represented  by  the  equation  v^  d  = 

ft  — 

k  T.    In  the  fundamental  equations  of  central  force  ©  =  -^  =  F  \/fr; 

h=  -^,    When  the  efl3cient  or  fundamental  velocity  is  constant,  as  in  spatial 

Photodynamics,  / a— a  — - oc  ^a  — ;  toe  h  oc  '\'Aoc  roc~;  hoc  roc 

1  ^  /  / 

~oc  /i?  oc  t.    Whenever  we  have  occasion  to  consider  derivative  or  second* 

•P.  Mag.,  I860 [41, 19. 19. 

tProc.  Amer.  Phil.  Soc,  ix,  284-7;  xvii,  109-12,  294-307;  xviii,  224-32;  xix,  4-9 
a(V-6;  etcU, 
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ary  velocities,  the  equations  of  variation,  for  any  ten^wrary  constancy  of 
/,  <,  A  or  r,  can  be  readily  found.  In  the  Investigation  of  spectral  lines, 
chemical  atomicities,  and  general  kinetic  phenomcm^  both  cosnilcal  and 
molecular,  the  consideration  of  /  as  a  maximum  often  becomes^^poclally 

important    Then  it  is  evident  that/«  f  _  =  r  dj  ;  < «  v  ~  «  J     . 

the  limiting  time,  therefore,  becomes  Independent  of  distance,  and  Is  merely 
a  function  of  density.  In  other  words,  in  a  h^^mogeneouA  medium^  all  analo- 
govts  motioM  whicn  are  due  to  the  accelerations  of  a  centnU  force^  fthether 
of  rotation^  vibration  or  translation,  are  sjfnchronous.  In  whatever  way 
those  motions  may  be  affected  by  atomic,  or  molecular  rotation,  «  oc  r,  with* 
out  any  tendency  to  the  production  of  Internal  distu  rbance.  All  cyclical  har- 
monies and  deformations  must,  therefore,  be  due  to  elasticity,  or  some 
other  form  of  translatory  interaction.  In  consequence  of  the  proportional- 
ity of  rotating  velocity  to  the  distance  from  the  centre  of  rotation,  it  be- 
comes possible  to  combine  chemical  elements  of  the  most  various  densities; 
for,  while  there  Is  perfect  synclironlsm  In  the  normal  osclMatlons  of  each 
of  the  elements  respectively,  the  atoms  may  Intersect  with  radii  which  give 
them  equal  velocities  of  rotation  at  the  locus  of  Intersection,  so  as  to  pro* 
duce  secondary  and  subordinate  synchronisms,  such  as  are  Indloited  by  the 
harmonies  of  spectral  lines,  especially  In  Lockyer*s  *'  btislc  lines  ***  and  In 
the  lines  of  the  widely  dllTused  and  important  elements,  Oxygen  and 
Hydrogen.f  As  an  illustration  of  the  harmonies  of  independent  and  com- 
bined synchronism,  w*e  may  take  the  three  atoms,  H,  O,  condensed  Into 
two  atoms  of  watery  vaiK>r.  In  rotation,  induced,  either  directly  or  re- 
motely, by  the  fVindamental  efficient  velocity  of  light,  we  haye  seen  that 

I  oc  \  -r*'*^  «  oc    -,^  ;   therefore  do*  is  constant,  In  each  of  the  elements, 

and  in  the  compound,  e.  g. : 

O  (d  =  16;  0  oc  0  -I-  2  H  (d  =  1 ;  c  CJC  r)  =  3  H,  O  (d  =  9 ;  t>  oc  ^ 

and  four  oscillations  of  O  are  synchronous  with  one  of  H  and  three  of 
H,0. 

Such  varied  evidences  of  synch  nmlsm,  both  a  priori  find  a  posteriori^  may 
well  encourage  s|)eclallst8,  In  all  de[>artments  of  physical  science,  to  seek 
for  harmonies,  under  the  guidance  of  the  *' scientific  use  of  the  Imagina- 
tion.** We  may  be  assured  that  such  harmonies  are  abundant  everywhere, 
and  we  may  also  be  assured  that  whatever  harmonies  we  find  are  neither 
fortuitous  nor  lawless,  although  we  may.  In  some  cases,  be  unable  to  find 
any  other  reasons  for  their  existence  than  the  universal  canon  of  nodal  ac> 
tion.  The  more  we  study  the  detailed  and  codrdlnated  ramifications  of 
such  action,  the  greater  will  l>e  our  appreciation  and  admiration  of  the 
order  which  Is  "heaven's  first  law,**  and  the  more  confidently  we  can  go 
on  with  our  researches. 

•  Proc  Amer.  Phil.  Soo,,  xvlll,  225-$. 
t  lb.,  xix,  25. 
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Ono  of  the  floUla  in  which  tliero  sooms  to  bo  encoumgeiuent  for  much 
specitil  invosti|]ciUioQ,  is  Gloctro-iuagnotism.  I  gtivo  many  rt*)\sous,  sixteon 
years  aj^o,*  for  roj^inUn);  all  magncllo  phenomena  as  rtsulu  of  linwliy 
mtHlillod  vibrations,  and  on  tluU  aiH\)unt  I  have  always  tIu)Ujrht  it  to  bo 
•omewiiat  illot^ioal  to  8()eal(  of  light  as  **  an  electro* ma^rnetio  phenomenon/' 
Ihns  8nlMmUnatin)ic  ti^o  g^nioral  ti)  the  stHHMal  AoinmUnj;  to  the  law  of 
parsimony,  the  element  of  a  common  velttcity  indicates  a  cimunon  origin 
in  radiant  energy,  but  in  denoting  that  energy  it  seems  better  to  use  a  name 
which  is  nniversally  reci>gni«tHl  as  appn>priate.  than  one  which  may  prob- 
ably reprt^sent  a  mere  Un^al  phenomemm.  Among  my  ix*asons  for  adopting 
this  opinion  wi\s  the  delay  in  the  manifesUitions  of  solar  intlnence.  Father 
Secchi  ol^erved  a  rtmiarkablo  solar  outbreak  on  the  7th  of  July.  1873. 
which  pnxluciHl  a  great  agitation  of  terrestrial  magnetism,  and  Airy  esti- 
mattHl  the  time  required  for  the  pro|iagation  of  the  magnetic  disturbince 
at  9h.  liOm.  This  is  10.87  times  the  lime  requinnl  for  light  to  come  fixmi 
the  Sun  to  the  Earth,  which  is  almost  prtH'lstMy  the  ratio  In^twivn  the  time 
of  terrestrial  rotation  and  tbo  time  of  satellite  revoluiion  at  the  Earth's 
surfaiM). 

>Iore  than  seven  years  after  I  had  shown  that  the  m^lar  daily  variations 
of  terrestrial  magnetism  might  Ih^  very  cU^ely  n»pre»onted.  both  in  form 
and  magnitude,  by  solar  tidal  action,  Maxwell  suggested  the  sjime  hy)H)the- 
sis.f  I  showetl.  in  187\t  that  my  hy)HHhesis  led  to  a  simple  estimato  of 
8un*s  mass,  which  I  placi>d  u|x>n  nHH>nl,  without,  however,  giving  all  the 
data  for  the  calculation.  The  tot^tl  terrt^strlal  magnetic  force  in  Great 
Britain  has  Ihmmi  fiumd  to  Ite  lOgr.  ft.  sec. ;  then  the  tension,  per))endicular 
to  the  lines  of  force,  Is  .108  gr.  weight  per  sq.  t\.  The  givatest  magnetic 
tension  which  Joulo  w»»is  able  to  produiM)  in  Great  Britain,  by  means  of 
elect ^>•magnets,  wi\8  alK>ut  140  lbs.  weight  on  the  sq»  In.  {-^  140  x  l****  X 
71HH):  =  141130000  gr.  pr.  sq.  A.).  The  unit  ot  «m  Het^  in  mechanical 
measure,  varying  »is  the  square  of  the  unit  of  veltH»ity.  is  m^  ^  <'*,  But  the 
molecuhur  oscillation,  in  alternate  apprtmch  to  and  reiH.'ss  Axnu  the  orbital 
centre,  continues  for  a  half  rot^uion  or  a  half  revolution,  while  the  terres- 
trial antaigonlsm  lasts  only  -  as  long.    Therefbre,  if  wo  designate  £arth*s 

mass  by  a  subscript  accent  (m|>.  the  ratio  of  tho  magnetic  force  which  is 
due  to  modiOed  solar  radiation,  should  boar  the  same  iittlo  to  the  force  of 
tern^strial  rtMctlon,  as  w*  f*  t* :  «*,*  t*  f*  k\  or  as  m* :  mi*  r*.  This  gives  tho 
proj>ortion  m» :  m^^  jt*  ::  14113tHHM) ::  138.  or  m  :  *«,  ::  897710  : 1, 

Although  this  rt>suU  Is  netirly  identicttl  with  the  ono  dinluced  tVi>m  tho 
oonHmrativo  leverage  of  Sun  tuul  Jupiter  (d3781)7)«  In  the  pantbolold  of  In- 
terstellar photodynamio  action,  I  am  InclintHl  to  think  that  it  may  be  al>out 
one  iH>r  cent,  too  small.    When  tho  dlttlculty  of  making  preciso  magnetic 

•  lb.  Vol.  tx.eto. 

t  Troattao  on  KUH?trlclty  and  Mairnettsm,  11, 127. 

X  rroe.  Amer.  I'hll.  8oe.,  xlv,  e07^>. 
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measurements  is  considered,  so  slight  a  ditiorenco  as  this  is  hardly  worthy 
of  notice. 

The  experiments,  which  I  performed  before  the  Society  in  1864  and 
1865,*  appear  to  have  fVirnlshed  the  first  direct  and  positive  evidence  of  the 
hypothesis  that  electricity  and  magnetism  consist  simply  of  esthereal  vibra- 
tions, which  can  be  imitated  and  modified  by  simple  mechanical  means. 
This  mechanical  modification  led,  subsequently,  to  the  invention  of  the 
telephone  and  the  photophone. 

8.  Earth* $  Orbital  Eccentricity  and  its  Correlations. 

The  photodynamlc  importance  of  the  centres  of  nucleatlon,  condensa- 
tion and  nebulosity  (Sun,  Earth  and  Jupiter),  in  the  solar  system,  and  the 
tendencies  to  secondary  and  subordinate  synchronisms,  are  Airther  shown 
in  moduli  of  rotation  and  in  orbital  eccentricities.    The  modulus  velocity 

/^  \  of  Jupiter  is  slightly  greater,  while  that  of  Earth  is  slightly  less,  than 

Sun*s  wave  velocity  (\^g~r^)  ;  the  slight  differences  be^ng  due,  apparently, 

to  the  same  causes  as  Earth's  apsldal  oscillations  and  its  moan  deviation 
fVom  the  centre  of  the  belt  of  greatest  condensation.  Jupiter's  secular 
range,  fh)m  secular  perihelion  to  secular  aphelion  (. 682105^/,),  is  nearly  the 

same  as  Earth's  orbital  radius  of  spherical  gyration  (y/. 4  =  .68245/),) ;  Ju- 
piter's ratio  of  minimum  eccentricity  (.02540)  Is  about  three-quarters  of 
Earth's  ratio  of  moan  eccentricity  (}  of  .08887  =  .02540) ;  at  Jupiter's  secu- 
lar perihelion,  or  locus  of  rupturing  oscillation,  the  projections  of  Sun's 
and  Jupiter's  centres  fh)m  Sun's  surface  (.08017  x  5.2028  X  214.55  =  1  + 
1047.87)  are  inversely  proportional  to  their  respective  masses.  Wo  may, 
therefore,  not  unreasonably  expect  to  find  similar  simple  relations  between 
dlflferent  forms  of  terrestrial  eccentricity  and  cosmlcal  dm  viva. 

If  we  suppose  the  air  to  be  condensed  to  the  homogeneous  density  which 
is  indicated  by  the  theoretical  velocity  of  sound,  we  may  assign  .4  of  its 
velocity  of  equatorial  rotation  to  the  mean  vie  viva  of  simple  spherical  rota- 
tion, and  the  remaining  .6  to  ethereal  or  elastic  action.  Tlxe  velocity  of 
rotation  is  27r  X  8062.8  X  5280  +  86164  =  1525.77  ft.;  the  theoretical  ve- 
locity of  sound,  y^'ght  should,  therefore,  be  .6  X1525.77  =  015.46,  and 
tlie  height  of  homogeneous  atmosphere  015.46*  -i-  (82.088  x  5280;  =  4.0466 
miles. 

This  closeness  of  accordance  with  the  values  which  have  been  derived 
Arom  observation,  accounts  only  for  the  equilibrium  between  the  elastic  and 
gravitating  actions  of  daily  rotation.  The  atmospheric  particles,  in  their 
undulatory  motion  with  the  velocity  of  sound,  may  be  regarded  as  travers- 
ing orblte  with  a  mean  eccentricity  of-=  ^•^^®^- =  .0012488.    This  re- 

r       8062.8 

suit  has  been  obtained  by  regarding  the  atmosphere  as  homogeneous.  In  the 
same  way  as  our  photodynamlc  results  were  obtained  by  regarding  Sun's 

^  lb.,  12,858;  X,  161-66. 
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lethereal  or  luminiferous  atmosphere  as  homogeneous.  Therefore,  if  we 
consider  Earth's  mean  orbital  eccentricity  as  due  to  the  elastic  reaction  of 
the  nebular  centre  of  oscillation  (Jupiter)  against  the  nucleal  centre  (Sun), 
we  find : 

Earth*s  mean  atmospheric  ecc'y  :  Earth's  mean  orbital  ecc'y  ::  (Earth's 

■emi-axis  major)'  :  (Jupiter's  semi  axis  major)';  which  gives  .001^83  : 

.0033789  ::  1  :  5.2028'.     In  order  to  acquire  the  velocity  due  to  this  eccen- 

tricit3%  there  should  be  a  fall  of  the  centre  of  condensation  (Earth)  from 

the  centre  of  the  dense  belt  of  planets,  through  one -half  the  height,  or 

.016895  Earth's  semi-axis  major.    In  order  to  make  the  efficient  twave 

producing  vis  viva  at  Earth  equivalent  to  that  at  Sun's  surface,  we  should 

take  account  both  of  Earth's  (1.)  and  Jupiter's  (.033789)  action,  as  is  done 

fft  

m  the  equation  1.033789^  —  i/^o''o-    Substituting  g=  32.088  -f-  5380, 

and  t  =  86164  sec,  this  gives  270.67  miles  =  i/^.  Prom  this  velocity 
we  can  readily  deduce  Earth's  orbital  velocity,  which,  being  multiplied  by 
the  number  of  seconds  in  a  sidereal  year  and  divided  by  2r,  gives  270.67 

-#-  >/ 214.55  X  31558150  -^  2;r  =  92812000  miles,  for  Earth's  semi-axis 
major.  The  closeness  of  agreement  between  these  pbotodynamic  results 
and  other  estimated  values  is  shown  in  the  following  table  : 

rboio^ynami*.         Calenlaled  tfxmx  ota«nratioa»  Diflereao*. 


Jupiter's  secular  range, 

.63245/7, 

Stockwell,          .63295/0, 

.06  of  1  pr.ct 

•*        minimum  ecc'y, 

.02540 

.02549 

.36 

t( 

Mass,  Sun  -s-  Jupiter. 

1047.37 

Bessel,          1047.88 

.04 

u 

Theoretical  vel.  of  sound. 

915.46 

Eno.  Met.       916.322 

m 

u 

Homogeneous  atmosptiere, 

4.H466 

Silliman,           4.9478 

.08 

4» 

Karth's  mean  ecc'y, 

.0:33789 

Stookwell,          .G338676 

.23 

u 

**          »•      orbital  fall, 

.016S95 

.0169394 

.28 

it 

**      semi-axis  major. 

92S12000 

Cornu,    92809000 

.01 

«t 

4.   Cosmical  and  Molecular  Densities  and  Velocities, 

We  have  seen  that  the  function  toe  -J—  is  independent  of  any  other 

element  than  d,  when /is  a  maximum,  or  when  comparisons  are  made  at 
distances  from  the  centre  of  force  which  are  proportionate  to  their  respec- 
tive nujcleal  or  atmospheric  diameters.     This  renders  the  proportionality 

t  oc  -J—  an  Important  one.    For  example,  it  is  safe  to  predict  that  if  the 

time  of  rotation  of  any  single  star  should  ever  be  discovered,  it  will  be 
found  to  be  such  that  i- will  not  differ  perceptibly  from  the  velocity  of 

light ;  and  from  the  times  of  rotation  we  can  readily  calculate  the  ratios  of 
stellar  to  solar  density.  In  binary  and  multiple  stars,  or  in  planetary  sys- 
tems where  the  planetary  reactions  are  so  important  as  either  to  retard  or 
accelerate  the  rotary  velocity  of  the  nucleal  mass,  the  value  of  the  modulus 
velocity  must  still  be  some  function  of  the  velocity  of  light,  although  it 
may  be  so  changed  as  to  leave  room  for  much  interesting  and  perplexing 
study  in  seeking  the  causes  and  amounts  of  perturbation.    In  considering 
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the  equality  of  molecular  m  t»i>a,  many  well-known  evidences  of  atomic 
and  molecular  rotation  have  been  found,  but  I  know  of  none  which  fUrnish 
the  necessary  data  for  determining  in  what  way  the  intrinsic  rotations, 
which  are  due  to  simple  reaction  against  tlie  undulations  of  the  luminiferous 
ffitlier,  have  been  modified  by  the  accelerations  of  terrestrial  rotation  and 
the  various  unknown  mechanical  influences  of  chemical  physics.    The 

molecular  velocity  «  oc  -^  ^i'  ftcco\ints  for  all  synchronisms  of  homogeneous 

media,  but  how  are  we  to  explain  the  synchronisms  of  rotation  and  revo- 
lution in  a  body  so  heten)geneous,  and,  consequently,  with  sucli  various 
moments  of  inertia,  as  the  Earth?  If  density  itself  was  originally  a  func- 
tion of  distance  fallen  through,  and,  therefore,  varied  as  <^  the  synch mnous 

time  for  the  aggregate  of  mean  motions  varied  as  ^^  d.  The  equation 
8  =zvt  is,  therefore,  constant  for  any  given  radius.  In  onler  that  tliis  con- 
stancy may  prevail,  there  must  be  some  unit  of  density  to  repi*esent  either 
the  modified  author,  or  some  gas  which  Is  directly  subjected  to  the  influence 
of  its  vibrations.  The  hyperelastidty  of  hydrogen,  Us  wide  difiVision,  Its 
continual  presence  In  the  solar  explosions,  the  fact  that  it  has  the  greatest 
tenuity  of  any  substance  which  M'e  have  boen  able  to  measure  with  pre- 
cision, its  importance  In  relation  to  Lockyer's  "basic  lines,"  together  with 
the  simple  and  signiflcant  harmonic  indications  of  those  llnes,^  all  point  to 
it  as  the  probable  typical  representative,  or  the  transmitter,  of  primordial 
undulation.  In  oi*der  to  test  this  hypothesis,  let  w  represent  the  si^eclflc 
gravity  or  d  of  Earth  ;  270.67  m.,  ihe  value  of  |/f/oro  at  Sun,  or  Earth's 
modulus  velocity  of  rotation  ;  6050,  the  molecular  velocity  of  hydrogen  ; 
.0603,  the  ratio  of  the  speciflc  gnwlty  of  hydrogen  to  that  of  air ;  778,  the 
nitloof  the  specific  gravity  of  water  to  that  of  air ;  m  -i-  1.03}n89\  the  mean 
speciflc  gravity  of  Earth  if  expanded  to  1.088780  X  Its  present  radius,  so  as 
to  eliminate  the  condensation  due  to  the  action  of  Jupiter.  Introducing 
these  values.  In  the  constant  equation  a  =  vt,  and  considering  v  as  the  ve- 
locity acquired  In  t,  the  time  of  condensation,  we  have  ^''^'^^  X  ^^^9  ::= 

x  "io  jp  ^^^  »  =r  5. 527.    Tlie  mean  molecular  velocity  of  earth 

which  Is  due  to  cothereal  elasticity,  would  then  be  6050  ■*-  yf^^  ^y.^^'^ 

=  24.867  ft.  pr,  sec.  ;  the  corresponding  velocity  of  any  terrestrial  sub- 

24.867  X  v/5.627      57.284 ,,     ,^    ,      ^      .,     ,  ^      ,  , 

stance  =  -      -       '■--:=         .  ft.,  if  the  density  is  comimred  with 

67.284  Xv/ 773      1502,655^    ,^  ,     ^  ^„      ^  ^^^ 
that  of  water,  or  -  =  ft.,  if  air  at  0**  and  760  mm.  is 

yd  y/d 

taken  as  the  unit  of  density.    These  ratios  are  important  In  investigations 

which  involve  the  modified  or  speciflc  elasticity  of  bodies. 

«  Proo.  Amer.  Phil.  Boe.,  xvlil,  224-6, 
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5.  Photodjfnamic  Eitimatf  of  Earih*a  Man, 

I  have  shown,  in  my  diHcusalon  of  **  Earth's  orbital  occontrlclty  and  Its 
correlations*'  (Noto  8),  that  Sun's  surfaoo  Is  tho  fUlcrum  of  equilibrium 
between  the  two  princi|ml  masses  of  our  system  (Sun  and  Jupiter)*  at  the 
locus  of  rupturing  pn\)ootlon,  or  the  secular  perihelion  centre  of  gravity  of 
Sun  and  Jupiter.  I  also  showed,  in  my  Urst  imperon  photodynamics,  that 
the  ant4tgonlstlc  moan  leverage  of  Sun  and  Jupiter  produces  disturbances, 
at  the  diiHJCtrlx-locus  of  tho  stellar  solar  paraboloids,  which  Airnlsh  a  very 
close  approximation  to  the  ratio  between  solar  and  terrestrial  su)H>rtlciaI 
gravitiitlng  energy.  Tho  forces  whlcli  have  established  these  harmonies 
must  act  under  siK'clal  conditions  t)f  equilibrium  at  tho  centre  of  condensa- 
tion (Earth),  and  it  seems  probable  that  those  conditions  may  Ih)  less  sub- 
ject to  extnmeous  disturbance  than  either  of  the  other  ai\]ustment8  which 
I  have  investigated. 

In  the  photodynamlc  |)aral)oloids,  at  any  given  instant,  let  a  be  the  solar 
locus  of  tho  directrix  which  Is  on  the  side  of  Sun's  cinure  opposite  to 
Earth  ;  f„  the  centre  of  nucleation,  or  Sun's  centre,  reganled  as  a  primary 
|)oint  of  su8|M}nsion  for  a  linear  |)endulum ;  «,,  the  centre  of  condensation, 
or  Earth's  centre,  the  sectmdary  )H)int  of  sus|H'nsion  of  the  same  pendulum; 
Oq,  the  centre  of  a  primitive  nucleal  radius  and  also  the  centre  of  linear 
oscillation  for  «, ;  o„  the  centre  of  linear  oscillation  for  «o  and  also  the  com- 
mon locus  for  co6nUnttte  radii  r^  and  r, ;  o„  the  centre  of  the  linear  pendu- 
lum Iq  #j| ;  Ot  the  centre  of  #o  Oq  and  the  centre  of  linear  oscillation  of  o^  ^  ; 
r^  .  -  #0  0, ;  f)  =-=  «ii  0) ;  mf^fn^,  homogeneous  masses  varying  as  Tq',  r,' ;  Oj  Is 
the  locus,  in  suspension  fh>m  «o,  of  opposite  tendencies  towards  «)  and  «o> 
Then  r^  =  dr, ;  m^  ~ :  Bm^ ;  If  we  reprosont  the  su|>erfloial  momentum  of 
any  cqiuitorlal  imrtlcle  of  m,  by  1  X  1>  the  CH>rrespondlng  momentum  for 
tiiQ.  witli  reference  to  the  same  point  of  sus|)enslon  («,)  is  8  \  8.  If  tho 
photodynamlc  momentum  Is  converteil  into  velocity  of  contiguous  particles, 
at  ().|,  causing  one  of  the  |)ar(lcles  to  revolve  al>out  »i,  and  the  other,  by  re- 
action  fhmi  «o*  tibout  $^  their  resi)ective  velocities  will  be  represented  by 

\  g^r^  and  i  'g^rl,  the  latter  being  (8  X  ^  -  =  ^^)  times  the  former.    Now 

I  gr  oc  J  ^  while  ^  OC  -    «  ( i  gr)K    Therefore  g^  ==  24*^,.    But  gocm, 

in  mutual  action  and  nmctlon,  as  in  the  ci^e  of  Earth  revolving  and  Sun  ro- 
tating under  the  photmlynamic  influence  of  gt  ~^  v. ;  thei^efore  tn^  = 

(94* :-- 881770)  m,.    liadius  varying  tis   (  'M»,  Sun's  radius,  r©  should 

then  be  (881776  »- .25537) »     ■  100.07r, ;  and  Sun's  mean  distance,  /»,  = 
214.5510  X  109.07  X  8002.8  =-.2  02784000  miles. 

0.  Photodynamic  Limitation  of  Terrestrial  Da^f, 

The  number  and  variety  of  the  foregoing  harmonies  led  me  to  look  for 
some  photodynamlc  influonce  on  terrestrial  rotation,  or  at  tho  centre  of 
density,  analogous  to  that  which  is  indicated  by  the  solar  nucleal  equation, 
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at  the  centre  of  nucloation,  ^  -  =  velocity  of  light.    The  acceleration  of 

Bun  spots  near  the  solar  equator  indicates  a  velocity  which  is  |>artly  rota- 
tional and  imrtly  orbital.  Tlio  solar  corona  is  now  geuemlly  attributed  to 
nebulous  or  meteoric  matter,  whicli  is  constantly  tending  either  to  fall  into  or 
to  revolve  about  the  Sun.    If  Sun's  surface  is  the  locus  of  the  mean  orbital 

o 

collisions,  the  mean  nebulous  n\dius  is  "-  f*o,  and  the  mean  locus  of  the 

gfo*    L^t  f«be  the  time  of  half-rotation  for 

r^«  in  the  f\indamental  equation  gj^  =  v.\   then  <^=  | '865.2505  = 

19.11tG8  dy,  is  a  mean  pro|H)rtional  between  the  solar  terrestrial  day  and 
the  terrestrial  year.    This  gives  for  t^,  or  tlie  photodynamic  modulus  time 

at  Sun's  surface,  5  <.  =  12.741121^  dy.    Let  n  =  the  number  of  solar  radii 
(fo)  in  Earth's  semi-axis  mtyjor  {ft^),  and  we  have  the  equations  : 
t)^  =  gji^  =  12.741128  X  86400^  =  n  fo  -4-  407.837 

n=  214.5510. 

g^  =  .0000008016ro. 

3„  J  ;;«  =  10041.8  sec. 

Sj^  J  **»  =  5073.0  sec. 

rfo_/ 5078.0  \»  1 

'«!,  "~  \10041.8/  ~  8.0174  "  •^^^^'^^ 

fo  =  03.813,000  -f-  314.5110  —  482580  m. 
P'  .-:  ;;«J  =  37.8057. 


=C:yxt=8?3.5oo. 


Another  evidence  of  the  limitation  of  the  time  of  rotation,  at  the  centre 
of  condensation,  by  photodynamic  influenc(^s,  is  found  in  the  accelemtions 
which  are  due  to  condousation  witldn  the  present  limits  of  the  solar  sys- 
tem.   The  central  actions  and  reactions  of  acceleration  between  Sun  and 

Earth  vary  as  their  respective  masses,  beoxuse  ^  OC  -^  and  d  is  the  same. 

In  condensing  nebul(0»  equality  of  dm  t)iva  requiras  that  (  (of  rotation)  OC 
r".  From  this  source,  thewtbre,  Earth  htis  been  accolenxted  (80.084)* 
times  by  its  *' subsidence"  from  Neptune's  mean  orbital  distance.  This 
acceleration  provides  only  for  synclironous  solar  and  terrestrial  rotation  ; 
there  has,  however,  been  a  farther  acceleration  of  800.2505,  by  the  shorten* 

ing  of  tlie  solar  year  to  the  terrestrial  day,  and  of  }"  1.0145  by  the  mean 
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•**u\wWonco**  of  XopUino  ftwu  lt«  socular  apbelltm,  »lnc«  |  grcc  ^a* 
Tho  ^uoUoni  of  dun*»  nui8»  by  KurOi's  miuM  wlilch  \\W\  Amnuil  for  M 

A  vhIuc  wlticU  dirtVra  by  only  |^  of  one  (x^r  conU  (torn  \\w  ou«  l«»t  obuln^d 
by  \n\Tv\y  «f  priori  imiicv^tions  and  |  of  one  \\^t  wnl*  frx>m  the  one  which 
wt\s  iloduciKi  (Vv>m  witmal  o«cl  Hat  Ions, 

The  rtnit  roof  nebulosity  (Jupllor^  prf*««nt  9  iHiually  ci>ndu»lve  evldo«<«i 
of  i^uMtHlynainlo  acc^'lorailon*  If  wo  jwy  pn>|H»r  roj^ani  to  Iho  ilKTonmo^  lie* 
twiH»n  I  ho  ox|>ani(lvo  rt^acllonof  ola^tlcUy  aiul  Iho  gmvlialhijet  aollon  of  oon- 
ilonsuUloii,  with  Ua  ci»n«(H(Uonl  UmlUUton  of  o)a«liclly.  It  wo  tako  (he 
**wniro  of  prlmltlvo  annular  (t)iuloniMUlon**  (NVptuno),  at  lt:»  rupturing 
Unnw  (»«H*ular  (H^rlholhrn  -  *^.*^»H*^o,,)»  tho  pholiHiynamlo  »i»at  of  rupturing 
action*  Lh  at  J  of  )ill. v^O^^'^tfj^  ^  ^  10,44^4*1,^ ;  .siiuarlng  atui  multiplying  by  Sun's 

iua*»  (1047  5^TO\  wo  gt^t  liV4(l7  fortho  nuiuWr  of  notations  In  an  orbital  roro- 
lutlon.  Dlvullng  Jupltor\^  year  (4«H5.5vH48  dy)  by  ItHttT^  wo  got  tth.  m\\. 
H.4a,  fur  tho  length  of  JupUor's  day.    Prt>t  Itairs  rocont  o^tlinato  U  9h, 

In  tho  third  noto  of  Iho  present  series^  I  hare  shown  soino  of  tho  rola« 
tlona  of  KarthV  orbital  inxx^ntrlclty  to  Jupltor*8  Un^tts  of  ntpturlng  os^cllla* 
tlon,  tho  masses  of  Sun  and  Jupiter,  Kartlt's  (UU  tW^tn  tho  centre  of  the  iw\\ 
of  greatest  condonstitlon,  and  the  height  of  Karth's  homogenotnis  atmos> 
phon?v  The  atmospheric  elasticity  should  evidently  In*  In  e<)tillllirtum, 
Wtween  th«  mutual  Inter^actlons  of  Karth  and  Mo(m»  In  the  satno  way  as 
tho  tot  bengal  elasticity  Is  In  oitulllbrlum  ta>tween  solar  atut  planetary  actions 
and  reactions^  Tho  attwtsphorlc  eccentricity  lK»lng  .(KU^4^^  tho  mtlo  l*e« 
tween  tho  lunar  and  terrestrial  tnasses.  In  orxlor  to  l>o  In  oqulUbrlun\  wlUi 

thla  eccentricity,  should  Ih»  x*X^(H>l'S4^  or  Earth's  mass  should  t^o  6l»l« 

times  Moon's  mass«  What  slight  tmnil deal  Ions  of  this  value  may  i)o  ro« 
qulrotl.  In  or\ler  to  satisfy  other  c%uiditU>i\St  must  Ivu  loA  for  fVirther  InvestU 
gat  Ion. 

dv  K%irfh'$  Stmi^^i*  Jtf«^t«^r. 

If  wo  lake  Uio  photodynamic  oistitnate  of  tlio  centre  of  the  t>elt  of  gr«atc«l 
condensation  (1»01<$SIKV ;  Note  3),  ttio  ratio  of  r^  to  r^^  as  detennlned  by  the 
mean  Uk'us  of  solar  and  terrestrial  action  pro|>ortlonato  to  ma$s»  sliould  t>e 

la>!<fc^^^l^nos       ^        ^^  100.  OSS.    If  we  ado|4  St^vc^kwolls  cominitatkui 

of  tho  seeulsr  centre  of  tho  Ml  of  greatest  condensation  (t^OlOi^^^.^.v^),  tho 
mllo  Is  tOO.tniki.  These  «stltiuites  giro,  ft>r  Kj^rth's  soml  axis  m;^or» 
«dT500t^  and  0^7.^4000  miles  re«|^tlvely. 

♦  rrtto.  Amer.  rtill»  Soe,,  xtt,  3W4-I;  Vs  Ma^^.,  JTune,  is::,  p.  .m» 
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10.  The  Phoiodynamie  Tear. 

The  constant  action  of  the  constant  photic  energy,  at  the  cqntre  of  solar 
and  terrestrial  action  proportionate  to  masR»  is  equally  divided  between 

£arth  and  Sun,  so  that  g^t^  for  Earth  corresponds  with  a   ^or  Sun,  when 

so  expanded  that  its  rotation  would  be  synchronous  with  the  terrestrial 
year.  Wo  therefore  find  for  the  velocity  of  light,  if  we  allow  for  the 
acceleration  due  to  the  photodynamic  projection  of  Neptune  (Note  6), 

yXlyr.  insec.  8*3.088X81558150         -^^o,.      ., 

(Neptune's  projection)'  =  6280  X  1.0145^  =  ^^^^^  "'^^^^  P®^  '^^• 
Multiplying  by  407.827,  the  time  required  for  light  to  come  fVom  the  Sun, 
we  get  02,767,260  miles  for  Earth's  s^mi-axis  mivjor. 

11.  Ma%%€%  of  Jupiter  and  Saturn, 

In  consequence  of  the  simplicity  of  Earth's  relation  to  the  centre  of  con- 
densation, the  a  priori  approximation  to  its  mass  is  comparatively  easy ; 
but  all  the  requirements  of  photodynamic  vie  vii>a  must  be  satisfied  in  each 
of  the  cosmical  masses,  as  well  as  in  every  chemical  atom  and  molecule. 
Jupiter's  synchronous  radius,  or  the  distance,  from  Jupiter's  centre 
(.51281|r>s).  At  which  a  satellite  would  revolve  in  one  of  Jupiter's  orbital 
revolutions,  is  1.0246  X  the  radius  of  cohfiuent  solar  and  terrestrial  mass 
action.  The  time  of  any  circular  orbital  revolution  is  ( |/32  =  5.6568)  X  the 
time  of  fall  to  the  centre  of  force.  The  accelerations  of  gravity  varying  as 
the  fourth  power  of  orbital  velocity,  and  acquired  velocity  varying- as 
gravitating  time,  the  mass,  which  would  satisfy  conditions  of  simple  equi- 
librium between  tendencies  to  condensation  and  to  orbital  motion,  is 
6.6568*  =  32'»  =  1024.  Sun's  mass  :  Jupiter's  mass  ::  1047.870  (=  1.0284 
X  1024)  :  1.  This  indicates  a  modifici^tion  of  the  equilibrating  mass,  simi- 
lar to  the  modification  of  the  synchronous  radius.  The  difiui^ence  between 
1.0284  and  1.0246  is  less  than  one  eighth  of  one  per  cent.,  which  is  within 
the  limits  of  probable  errors  of  observation.  The  rupturing  photodynamic 
ratio  a ;  see  Note  7),  and  the  ratio  of  photodynamic  projection  (1.01455  ;* 
see  Note  10),  have  both  been  introduced,  as  factors  of  equilibrium,  between 
the  centre  of  nebulosity  (Jupiter)  and  the  nebular  centre  of  planetary  in- 
ertia (Saturn)  ;t  for  (|  X  1.01456)*  X  1047.879  =  8501.6  which  is  Bessel's 
estimate  of  the  quotient  of  Sun's  mass  by  Saturn.  This  deduction  of 
Saturn's  mass,  therefore,  indicates  (Note  10)  a  velocity  of  light  equivalent 

82.088  X  31558150 
^    ~5280"x  roi455'*  ^^  186326  miles,  and  gives,  for  Earth's  seml^axis 

major,  02,758,000  miles. 

12.  Photodynamic  Centre  of  Planetary  Inertia. 

Saturn's  position,  at  the  nebular  or  photodynamic  centre  of  planetary 
inertia,  f\irnishes  special  and  very  interesting  crucial  illustrations  of  the 

*  Thli  value  ti  about  i^r  of  one  per  cent,  greater  than  Stookwell's  ostlmnto  of 
that  of  Neptune  (l.0I«ne6). 
t  Proo.  Am.  Phil.  Soo.,  xvlli,  lai. 
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cosmical  inflaence  of  harmonic  nodes  in  an  elastic  medium.    Let « ,  be  the 

velocity  of  light ;  g^  the  acceleration  of  gravity  at  r^  the  radios  of  Sun's 
pbotodynamic  sphere ;  «» :=  i/^^r,  =  orbital  velocity  at  r, ;  Uo  =  orbital 

velocity  at  r^  (Sun's  surface),  and  modulus  velocity,  ( "o"  )•  ^^^  centres  of 

nebulosity  and  of  condensation  (Jupiter  and  Earth),  the  modulus  velocity 
having  been  slightly  changed,  as  we  have  seen,  by  forces  which  produce 

gzt^ 
orbital  eccentricity ;  M»  =  -j-  ;  r^  radius  of  orbital  revolution  synchro- 
nous with  nucleal  rotation ;    I  ^  j   =  ~*=^—  ;  M  ex  r,*  ex  r^ ;  r^  OC 

r,^  ;  r^  =  ^^1  OC  Tz^  OC  n*  OC  Mi^^ ;  r/^  ex  M ;  r./  OC  M*  OC  t-  OC—  X 
( -T  )    OC  p/r©.     If  we  take  Vq  as  the  unit  of  distance,  we  have,  for  the 

present  condition  of  the  solar  system,  r,=  y^Mr^;   (  —  )    =  -• /_  =  -^  x 

C-J  ;  therefore  (~  )  =  —  =  7^  .  But  ~  =  the  time  in  which  light 
V2  ^  Vo  ^  ^1        ^X  ^X 

would  traverse  Saturn's  orbit,  divided  into  the  time  of  Saturn's  orbital  re- 
volution ;  therefore  \^)      =  9.5389*  years  -h  (9.5389  X  Stt  X  497.825 

seconds)  =  31160.4 ;  y  =  (31160.4)^^  =  2046.8.     This  gives  for  Earth's 

.      .         .     2046.8ro       ^.__ 
semi  axis  major  g  ggg^   =  214.575ro. 

13.  Earth's  Rupturing  or  Projectile  Locus, 

In  Note  6,  I  have  shown  the  relation  of  Earth's  accelerated  rotation  to 
Neptune's  subsidence  and  Sun's  mass.  In  Note  5,  I  deduced  a  value  for 
Earth's  mass  from  simple  considerations  of  linear  oscillation,  between  the 
nebular  centre  of  the  solar  system  and  the  centre  of  greatest  condensa- 
tion. Since  the  stability  of  the  system  requires  that  all  its  oscillations 
should  be  harmonic,  we  may  also  account  for  Earth's  rotary  accel- 
eration by  simple  solar  and  terrestrial  inter- actions.  The  propagation 
of  rays  of  equal  length,  in  an  elastic  medium,  produces  a  terrestrial  re- 
action to  its  orbital  motion,  through  a  radius  equal  to  Sun's  radius. 
The  centre  of  linear  oscillation,  in  terrestrial  revolution,  which  limits 
the  tendencies  of  pbotodynamic  ms  viva  towards  the  earth,   is  at  only 

o~/7|  from  Earth,  or  near  Yenus's  secular  perihelion  ;  the  pendulum  of  solar 

action  upon  Earth  (^3)  is  three  times  as  great.  The  sum  of  the  masses  of 
Earth  and  Sun  being  involved  in  these  actions  and  reactions,  there  is  a  con- 
sequent acceleration  which  would  give  the  Earth  nine  rotations  per  annum 
from  tliis  source  alone.    This  acceleration  is  further  increased  by  the  rela* 
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tlons  of  orbital  velocity,  due  to  Sun's  mnss  nctliig  tlmmgli  Earth's  secular 
perihelion  or  projectile  ravilus  vector,   which   may  be  repi-esented  by 

v— ^,  and  to  Earth's  mass  acting  through  a  n\d  I  us  equal  to  Sun's  semi- 

diameter,  which  may  be  represented  by  \/'    Therefore  we  have  the 

V»»i       I'Wk      ^^       ^      ^     „         w»o       /8ftG.9506\«        />, 
^  :  y^  ;:  866.9565  :  9.    Hence  ,,7=  i^      0  "")    ^    r 

Introducing  Stockwell's  ratio  for  Earth's  projcctilo  radius  vector  (.0832648) 
we  rind  ^i  =  .0822648  X  914.5516  =  200.09,  and  *^'=  881959. 

14.  Callisto,  Jupiter* »  Telluric  Moon. 

The  combined  influence  of  harmonic  photodynamic  oscillations  on  the 
three  important  centres,  of  nucleation  (Sun),  condensation  (Earth),  and 
nebulosity  (Jupiter),  is  Airther  shown  by  the  proportion  : 

Jupiter's  isochronous  radius  :  CalUsto's  semi-axis  mr\]or ::  \--     \'--  :: 

866.9565  :  9.  Searle*  gives  for  the  distance  and  period  of  Callisto,  .012585^, 

and  16.680  days.    This  would  make  Jupiter's  isochronous  radius  ,012585^1 

i         866.2577 
X  (4882.5848  -+-  16.689)    =        o         X  CalUsto's  semi  axis  mtijor  = 

.51281/),.  The  value  thus  obtained  for  Earth's  sidereal  year  diflfers  fh)m 
the  observed  value  by  only  ^^Vir  ^^  ^^^  V^^  <^®"^*  Other  harmonic  Influ- 
ences, analogous  to  those  which  we  have  already  conf^idered,  are  traceable 

in  the  following  equations :  1.   ^g )    x  Jupiter's  moan  aphelion  projection  x 

Earth's  day  =  Jupiter's  modulus  time,  or  time  of  half  rotation.    This  gives, 

*     T     ,.    .    ^       r.^  ^^      ^«  -       ^   ^   .  Jupiter's  seml-axls  major 

for  Jupiter's  day.  Oh.  58m.  96.5s.    9.  3  X  j.,^,,,^.^  ^^.^^^..^^j^  ^^^,^j^^^.  X  time 

of  revolution  at  Jupiter's  surface  =  Oh.  54m.  11.68.  8.  2*  x  1.04816  X 
Jupiter's  semi-diameter  =  16.60056r  =  Cullisto's  semi^ixis  nu\Jor.  4. 
8»  X  Earth's  day  =  CalUsto's  orbital  time  (20.0084  dy).  5.  Jupiter's 
modulus  velocity  -»-  Earth's  mtlo  of  aphelion  projection  (1.0077859)  = 
971.28  miles.  This  gives  180880m.  for  the  velocity  of  light,  and  08010000m. 
for  Earth's  seml-axls  major, 

15.  Probable  Value»» 

I  subjoin,  for  comimrlson,  a  few  of  the  results  of  the  foregoing  methods 
of  questioning  nature,  under  the  simple  guidance  of  the  well-known  law 
that  every  action  must  have  an  equal  and  opposite  reaction.  The  dates 
refer  to  publication  in  the  Proceedings  of  the  American  Philosophical 
Society. 

Flame  energy,  Feb.  16,  1872,  09680500 

Basic  lines,  April  4,  1879,  9n908000 

*  Outltuea  of  Aatronomy,  Sect.  705. 
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Earth's  orbitiU  unit,  April  4, 1870,  09571)000 

l\)»n)iOA)  masses,  *'         ««  0:d54t)000 

Neptuno*s  radius  vector,  **         ••  037l70t¥) 

Primitive  ct^ndensaiion.  Jan.  4,  1880,  9:i.5^H)00 

Sun  amUupiter,  *^         **  9:^606000 

K(H\al  aiHioQ,  March  19,  1880»  9^711850 

Hyilrogt^n,  April  10»       •«  9575WXK) 

Oxyst»n,  *«  *•  9^849(XK> 

Viidulati»ry  ti*  tira^  Note  3,  9$81^¥> 

Earth's  mass,  •«     5,  9^73I1HK) 

Terrestrial  day,  •«     6,  9^711000 

Earth's  semi  axis  m»\)or,  *•     9,  9:J75^000 

Earth's  year,  •*   10,  997tt7^e0 

Jupiter  ami  Saturn,  »«    11.  99758000 

Earth's  pmjeiHion,  «•    13,  9959mHX) 

Jupiter's  day,  ••   14,  93010000 

These  ctnubiniHl  results  indicate  a  value,  for  Earth's  semi  axis  nu\)or,  of 
9:3737UH)m.  .b  25700 ;  the  proUable  ern»r  l>einc  K^than  sV  of  one  )>eroem. 
This  gives,  for  Ihe  velotnty  of  light,  900854  .h  83  kiUunetrt^  In  tho 
Am4riCi9H  Jtmrnat  of  M^hc^s  for  January,  188t\  pi>,  59-4^4,  D»  l\  TihW  dis* 
cusses  Foucauii's,  Citrnu's  and  Michelson's  ex)H>rlmenial  estimates  of  th« 
veiiH'ity  of  light.  The  tbllowing  table  gives  his  several  values,  together 
with  Michelson's  final  estimate  (III),  and  my  own  : 

Pouftuill, 99S000km. 

Cornu.  1 998500    ♦• 

11 999inM)    *• 

Michelson,  1 300100    *« 

*•      II 990030  ** 

III 999890  *' 

TiHld 999990  «« 

Chase 999854  *' 


t 


SMtii  MitUiiff,  Frhnuiry  4, 1881. 
Present,  0  niombers. 

Vio<srredUloiit,  Mr.  Eli  K.  Prick,  in  tho  Chftir, 

Lettora  acoopting  nieniborslnp  were  read  fi*om  Dr.  Chas. 
Stewart  Wurts,  1701  Walnut  St.,  Jan.  24, 1881;  Mr.  Henry 
dirvill  Lewis,  Germantown,  Jan.  25,  1881;  Oapt  E.  Y. 
MoOauley,  Lima,  Delaware  Oo,,  Pa.,  Jan.  26,  1881 ;  Mr. 
Addison  May,  West  Chester,  Pa.»  Jan.  2t>,  1881 ;  and  Prof. 
Joseph  Lovering,  Cambridge,  Mtvss.,  Jan.  81»  1881. 


18S1.1 


275 


Letters  acknowledging  receipt  of  Diplomas  were  i*eceived 
from  Dr.  E.  H.  Von  Baumhauer,  Ilaarlom,  Jan  16, 1881 ;  IT. 
Qt.  Armstrong,  Newcastle-upon-Tyne,  Jan,  13,  1881 ;  and 
Sir  Wm,  Thomson,  Glasgow  Univei'sity,  Jan,  19,  1881. 

A  photograph  of  Dr.  Benjamin  Ilowani  Rand  was  pi*e- 
sented  for  insertion  in  the  Album. 

.Letters  of  acknowledgment  were  received  from  the  Astro- 
nomical Society  at  Leipsig  (106  and  List);  and  the  Ameri- 
can Statistical  Association,  19  Boylston  Place,  Boston  (106). 

A  letter  of  envoy  was  received  from  the  Meteorological 
Office,  London,  Jan.  1881. 

A  request  for  missing  Nos.  88, 105  and  after,  fi*om  the 
Cambridge  Philosophical  Society,  England,  was,  on  motion, 
referred  to  the  Secretaries  with  power  to  act. 

A  request  for  Transactions  Part  8,  Vol.  XV,  for  the  Nu- 
mismatic and  Antiquarian  Society  of  Philadelphia,  was  re- 
ferred to  tlio  Secretaries  with  power  to  act. 

A  letter  from  the  Soci6t6  d'Authropologio  de  Paris  re- 
questing subscriptions  to  the  Paul  Brooa  monument  was 
read. 

Donations  for  the  Librarv  were  received  from  the  Senck- 
enburg  Natural  History  Society,  Frankfurt  a.  M.;  the  Zoo- 
logischer  Anzciger,  Leipsig;  Nassau  Natural  History  Union; 
Academia  dei  Lincei ;  Annates  des  Mines,  and  Uovue 
Politique,  Paris ;  Soci6t6  de  Geographic  Commercialo,  Bor- 
deaux; Meteorological  Council  and  Nature,  London ;  Geo- 
logical Survey  of  Canada ;  Institute  of  Technology,  Boston  ; 
Museum  of  Comparative  Zoology  and  Harvard  College  Li- 
brary, Cambridge;  American  Journal  of  Arts  and  Sciences, 
New  Haven;  Numismatic  and  Antiquarian  Society,  College 
of  Pharmacy,  Mr.  F.  T.  Frceland  and  Mr.  Henry  Phillips, 
Jr.  Philadelphia;  Mr.  Thos.  H.  Dudley,  Camden;  Histori- 
cal Society  of  Delaware,  Wilmington ;  the  Bureau  of  l^^du- 
cation,  Washington;  and  the  Kansas  Historical  Society. 

Dr.  Bri?iton  read  an  obituary  notice  of  Prof.  S.  S.  Haldo- 
nian,  a  member  of  the  Society. 
Prof.  J.  J,  Stevenson  communicated  a  paper  entitled  "The 

fROO.  AMBH.  PUIL08.  BOU.  XIX.  108.  2l.      PRINTED  MARCH  14,  1881. 


Upi^er  Freeport  Coal  IKmI  along  Laurol  Ridge  in  Proston 
county  of  Wost  Virginia."  By  John  J.  Stovonson,  Profes- 
sor of  Geology  in  the  University  of  the  City  of  New  York. 

Mr.  Fnvloy  reported  by  letter  that  he  had  rweived  and 
l>aiil  over  to  the  TroasuiHjr  the  hist  interest  on  the  Michaux 
Legacy  due  Jan.  1, 1881,  amounting  to  §129.60. 

And  the  meeting  was  adjourned. 


Th$  Vp^i0r  /^wpor^  Cih$1  liml  ahn^  Laurel  Ritiffe  f*a  PM9t4h  Cowaly  of 
IKc***  IViN/mM,  BjfJohi^J.  ^>pf♦/w«>l*>  pMfHsor  of  O0ohg^ifktK4  Uni* 
tenitjf  ofth$  Cit^ofyett  York. 

{H^il  b^for^  th0  Am$tktm  PKilmphiMl  Si*('i$tjf.  Ftbmar^  4,  1881.) 

I^auiTl  Tk\}^^  tho  eA»iorly  bDUiuiary  of  Ligonler  vHUoy  la  Peimsylvaaia, 
oiUei's  West  Virginia  at  or  rory  near  tht>  north -wealorn  ci>rnor  of  Preston 
county.  It  U  a  Ih)U1  anticlinal,  \Thlch  In  Indiana,  WesUnorelatul  and 
Fayette  oountiea  of  Pennsylvania,  as  well  t»  In  Preston  aiul  Barbour 
counties  of  West  Virginia,  exix^sos  Ihe  Intttom  of  tho  I^)wer  Ci«rbonltVrotis, 
ami  at  !»ome  localities  brings  up  the  Chemung nn^ks.  while  the  Conglomer- 
ate ami  the  Lower  PriHluciive  Ot^U  groui>,  the  Allegheny  series  of  Lesley, 
are  shown  on  Its  sides.  The  fold  Is  out  transversely  by  several  deep  gat^ 
In  Pennsylvania,  where  It  shows  no  longitudinal  valleys  of  considerable 
extent ;  but  in  Prt>ston  county  of  West  Virginia  It  Is  dlvldeil  KmgUudlnally 
by  Cheat  river,  whose  gorge  Is  one  of  the  most  noteworthy  attmctlous  ot 
the  Baltimore  and  Ohio  railroad. 

A  strip,  extending  nearly  twelve  miles  along  the  westerly  slope  of  the 
ridge  in  Prt»slon  txmnty,  and  divided  by  the  Baltimore  and  Ohio  rallroadi 
w«s  visited  by  the  writer  in  DecemlH.»r  of  ISSO.  The  l^pp^t  FtHpart  d^mt 
i?«'i/.  the  nu>st  lmtH>rtant  memlwr  of  the  Lower  Pro<luctlve  Co^^l  grou|\  pre- 
sents some  features  there  which  may  l>e  deserving  of  note.  ] 

The  easterly  outcmp  of  that  l>ed  Is  crt>ssed  by  the  ntllroad  at  probably  ^ 

two  miles  etistwanl  from  Tunnelton  station,  tuul  there,  on  the  Graham- 
Boall  estate,  an  old  o|)enlng  was  exatulnevl  which  showed  Uie  ft^lowing 
8ectii>n  : 

1.  Mtihonlng  stuulstone not  measure<l 

^^.  Shale 0'    8'' 

a.  Coitt a' 10" 

4.  Clay 0'    3" 

5.  CxHtl 1'    8" 

But  the  exiHK^uro  at  the  bottom  Is  not  complete,  fbr,  underlying  tlie 
measuivd  portion,  is  some  gOvxl  tn^al,  and  still  lower  is  a  oimslderable  thick* 
ness  of  Impure  slaty  coal,  which  Is  not  worth  digging.    The  coal,  as  fitr 
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as  exposed,  is  very  good,  more  or  less  prismatic,  very  soft  and  easily 
mined.  For  the  most  part,  it  is  clean,  but  thin  streaks  of  pyrites  ooour  in 
the  top  10",  and  minute  scales  of  the  same  mineral  appear  occasionally  in 
the  bottom  8''.  Above  the  coal  and  separated  trom  it  by  but  2  or  8  inches 
of  shale  is  the  hard  gray  Mahoning  sandstone,  which  lies  in  thick  beds 
and  forms  an  excellent  roof  The  exposure  of  this  rock  does  not  give  the 
thickness. 

The  sandstone  is  well  shown  along  the  railroad  between  this  place  and 
Tunnelton.  Owing  to  the  crookedness  of  the  road,  the  bottom  of  the  rock 
is  sometimes  below,  somelimes  above  the  track,  but  rarely  many  feet  in 
either  the  one  way  or  the  other.  Frequently,  however,  the  coal  is  at  track 
level,  and  at  Tunnelton  it  is  far  enough  above  that  to  be  worked.  It  de- 
scends toward  the  tunnel  beyond  the  station,  but  in  the  tunnel  rises  again 
so  as  to  form  the  roof  at  the  westerly  end.  Thence,  however,  the  course  of 
the  road  follows  the  dip  of  the  rocks,  and  the  coal  soon  comes  down  to  the 
track-level,  where  it  is  mined  and  shows  the  following  section  : 

Coal a' 8" 

Clay 0'3" 

Coal 2'  8" 

The  exposure  is  incomplete  at  the  top,  but  reaciies  very  nearly  to  the 
bottom  of  the  good  coal.  The  slaty  division  below  is  said  to  be  not  far  ttom 
8  feet,  in  which  case  the  flill  thickness  of  the  bed  is  about  9  feet  6  inches. 
The  quality  of  the  measured  coal  here  is  similar  to  that  of  the  coal  seen  at 
the  Graham-Beall  pit.  Eight  inches  of  the  slaty  coal  were  seen.  It  contains 
some  good  splint,  but  for  the  most  part  appears  to  be  worthless.  The 
roof  at  this  pit  is  shale,  which  varies  in  thickness  fh)m  2  inches  to  12  feet ; 
but  it  is  hard,  and  makes  a  very  good  roof.  The  Mahoning  sandstone  is 
shown  in  the  hill  above  this  pit. 

Within  one  fourth  of  a  mile  f^om  this  opening,  the  railroad  crosses  a  deep 
gorge,  in  which  the  coal  bed  is  exposed  below  the  track  with  several  feet  of 
shale  between  it  and  the  Mahoning  sandstone,  which  forms  a  bluft  on  each 
side  of  the  gorge.  The  thickness  of  the  shale  varies  abruptly,  and  the  limits 
seem  to  be  as  given  above.  From  this  ravine,  the  coal  rises  until  at  Austin 
station  it  is  above  the  track,  and  at  half  a  mile  farther  it  is  mined  and 
coked  by  the  Austin  Mining  Company. 

The  outcrop  of  the  bod  is  easily  followed  southward  fh)m  the  railroad, 
and  lies  at  but  a  little  way  eastward  fVom  the  ridge-road  leading  from  Tun- 
nelton to  the  Northwestern  turnpike.  The  coal  is  reached  at  that  pike. 
Few  of  the  ravines  thus  far  are  deep  enough  to  expose  the  coal,  but  that 
through  which  Sandy  creek  runs  affords  good  exposures,  and  the  bed  had 
been  opened  at  several  places  along  that  stream. 

Beyond  the  point  where  the  ridge  road  reaches  the  pike,  at  say  five  miles 
from  Tunnelton,  the  ravines  become  deeper  and  exposures  of  the  bed  are 
numerous.  Pits  were  seen  on  several  farms.  In  this  direction,  the  bed 
becomes  thicker  though  it  seems  hardly  to  improve  in  quality.  One  open- 
ing, seen  on  Mr.  Wolfs  &rmat  about  eight  miles  fVom  Tunnelton,  shows  11 


uiflviMii  imuninjpji  which  <^)4UittU«  fiw  hal  a  i^w  yM\)9k    Th«  coiU  a|H«iMur«  lo 
b<»  mortis  »ul|^ttv\Hi»  ha^w  IhMi  il  b  n^niur^t  lh<»  niilv\)«iL  «ni)  \h»  «»h  b 

Th»\¥eK\  w«» (l^lK^vrtH)  mvrlh\v;ftv\)  KWuik  lh«»  mUc^viiil  tl^vr  »«>Yt^ml  mUww  tnU 

Th^j  ««|Hvkl  fwtwfv  of  \\\id  X^  hifi^  »*iU^*  ft^^^w  Us  IhWkuo^ss  i»  it* 
DriM^tom  ^^^^«w  $u)|^hur.  In  th<i>  Ui^<>Hu<>r  v^Ut^y  of  )Vi\it»Y)Y«ul4»  »i"vor\lltt^ 
to  Mr»  MiH.''rt^ih'*  ««4ly^«»*,  \h^  ^wXyXwxt  \\\  (Vf^**  AVtwfH*H  ^.mI  vm4wi 
Ifhntt  \AU  to  4*^  Mul  th^  *»«i  rwrvly  vWUU  4  ttnu  i\^<K  Th*>  «»h  r^iiw 
fl^>lu  ^  to  t^  \>*^T  ivut^  F\irth^r  »knith>  in  Tivi^^ur  ^nvi  lUmU^i^i  i\Hinti<[?«  ^)4r 
\Vt*t  Yir^ini***  thtf  »u)(^hnr  i*  hi.ch*  4n«)  th«»4:s^b  c%^^*i^WwhK»  <[>x^n  vrhwt 

th«  C\^  b  tM2^. 

Within  \\\<^  wftf*  iiunt^HU^ti^ly  umicr  iNUi^ilK^r^ti^Mu  tho  ov^^it  tVvwt  thi*  hi(K^ 
yitt»W*  Mt  ox\vil<»nt  ^>xkifs  Tho  An^j^tin  Comtv*«\y  h^w  fonmi  4  it^^^ly  m^rkt^t 
ft^r  it*  |vr\Hluot»  whWh  in  Chi^>»^M\MntM!»ttv*  ^Mt  ifYtt^n  ttt^nn*  with  thtt*  i\Mt* 
n«»ii$YiiW  i^^t(»^  5^v<<»roi  i^r  K^iU  of  ^\^t  tVxwt  thv  vioiniiy  of  l^tn^t^^Uvm 
wifiv  *i?nt  to  t.\xi\ncU*viU<*  mnvl  th^^rv  vx'i.txU  Two  lou  wt^w>  «»nt  to  tW 
i\iimhri4  Irvm  Work**  wh<»«v  Mmly^^ic^  w<»w  niM^W  i»y  Mr.  Morrt^ii  wiUi  x\\^ 
t\^llowin^ift«nU;»; 

t>wr  X^v  l»  nM^W  Kh^ni  *A#i»rf  «y«.»f : 

t^ijKHHi *»d.W 

v*Mlt^Bnv  %%««««« %%%%««\«%%\««%«%%«  *  \  \v\««««%«x«««\«««        'xvHS 

A«h.... «^5^ 

8ni|auir XAX 

■*\>n  \....  .........     .........      .x\»*\....\ss»%...».*v\\      l\'sS*^ 

tVkv  tn«Ut»  ftv^iw  i\v»i  obuintnt  4t  4noUit»r  o|¥t*uiu^«  w^  ?it>nt  to  xXxt^  K^i^sar 
Thom|>^>n  8un^  Work^  \vh<f>w  it  w^  Mi^lys^Hi  hv  Mr.  ^  A.  l\xrvi.  with 
X^w  ft^iiowinjt  r«>e^nU$  i 

Yoi«tit<»  nmtu^r. .....................  —  ..........    tV^TtV 

c*«n|'nwr » ...\%v«..s««. ...... ......  ....v.\.\\*\....     "•\\H»i 

♦\5m*  ... .\.. .%%......«.. .........\%>  s\......»\.\\%  V     l'\  I  ^^• 

Thw^t*  twt*  i^'W  to  hiiv*?  tM><^n  *urtioionUy  ifxii^nj^vx^  to  \Wit»nuin^  th<> 
v^hii*  of  \\\t^  wMkX  fv^r  KN^viu^i:  purtx^sfewt^  Tho  Uvwt  in  <>*kiu^ir»  a»  n^tH>rtt>\l  hv 
Mr.  M.  I*.  S<^iw^»ftT.  Sni^rint<*n^Wnt  of  tho  .Vnstin  i\wtj>5^ny»  i*  ^Knit  3^ 
t^^r  w>nt.  imlii^tinj:  *  wmtH\*itivm  vt»ry  nwrly  i»kt?  th^t  of  \\\^  fiffif^^f^^h 
<^m(  ^\i  in  tht*  iVnntf»U*viUo  Ivn^n. 


( 
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It  is  evident  then  that  the  Upp&r  Ft6«port  coal  b6d  in  tliis  region  will 
yield  a  coke  which  is  not  appreciably  inferior  to  that  made  at  Connellsvllle, 
Pennsylvania. 

Few  details  were  gathered  respecting  the  general  section  exposed  along 
the  slope  of  Laurel  ridge»  as  all  dettiiled  work  was  stopped  by  a  severe 
snow  storm.  A  bed  of  cannel  was  seen  at  not  fkr  fVom  165  feet  above  the 
Upper  Freepori,  On  one  side  of  Sandy  creek,  this  bed  shows  4'  8"  of 
cannel,  but  on  the  other  side  of  that  creek  it  shows  no  cannel,  and  con- 
tains only  bituminous  coal,  3'  6"  to  4'  thick.  The  cannel  was  worked 
many  years  ago  for  distillation  of  oil,  but  the  works  were  abandoned  on  the 
discovery  of  petroleum. 

The  Freeport  limestone  is  present  at  fi'om  40  to  60  feet  below  the  Upper 
Freepori  eoat  bed^  and  is  exposed  at  one  locality  nearly  three  miles  north  flrom 
the  railroad.  It  is  8  feet  thick,  and  rests  on  a  bed  of  iron  ore,  wliich  is  80 
inches  thick  and  very  persistent.  This  ore  was  mined  at  one  time  both  by 
benching  and  drifting,  and  the  material  wfis  sent  to  the  Iron  town  furnace, 
where  it  produced  a  foundry  iron.  It  is  too  oold>short  for  use  alone,  and 
to  be  available  must  be  mixed  with  some  ore  containing  little  or  no  phos- 
phorus. A  small  coal  bed  rests  on  the  limestone,  and  another,  about  2  feet 
thick,  is  shown  at  nearly  70  feet  lower. 


Memoir  ofS,  8.  Haldeman,  A*  M.,  Ph.  D.,  ete.    B$f  2>.  Q.  Brinton,  M.  D. 
(Read  btfore  t?i6  An^rican  Phihtaphioal  Sooiety,  Fibmary  4,  1881.) 

In  presenting  a  sketch  of  the  life  of  the  late  Pi*ofessor  Haldeman,  I  shall 
begin  with  his  peraonal  history,  and  then  proceed  to  give  a  brief  account 
of  his  contributions  to  science. 

Samuel  Stehman  Haldeman  was  born  August  12,  1813,  at  Locust  Grove, 
a  beautifully  situated  country-seat  on  the  east  bank  of  the  Susquehanna 
river,  twenty  miles  below  Harrisburg.  The  house,  with  the  extensive 
property  surrounding  it,  had  been  in  tiie  possession  of  his  ancestors  for 
several  genemtions. 

Tlie  family  came  originally  fVom  Thun,  in  German  Switzerland,  and 
were  an  energetic,  independent  race,  wlio  had  been  honored  In  their  day. 
Jacob  Haldeman,  a  great-gmndfather  of  the  subject  of  this  memoir,  was 
chosen  one  of  a  Committee  of  Public  Safety  ftx)m  Rapho  township,  Pa.,  in 
revolutionary  times.  Frederick  Haldlmand,  a  groat-uncle  who  had  entered 
the  English  military  service,  became  first  Governor-Genen\l  of  Canada 
under  that  rule.  John  B.  Haldeman,  a  grandfather,  was  member  of  the 
General  Assembly  from  Lancaster  county,  In  1795.  The  name  was  for- 
merly  spelled  with  either  t  or  e  in  the  second  syllable  and  the  final  d  re- 
jected or  retained  according  to  the  language  of  the  canton  in  which  it  was 
found,  but  as  It  was  of  Germanic  origin,  Pix>f.  Haldeman  always  used  the 
German  method. 
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He  was  the  oldest  of  seven  sons,  his  parents  being  Henry  Haldeman 
(1787-1849)  and  Frances  Stehman  (1794-1826).  His  father,  a  lover  of 
books,  endeavored  to  foster  in  this,  his  favorite  child,  a  desire  for  learning, 
and  to  impress  upon  him  its  importance.  His  mother,  a  lady  of  attain- 
ments, dying  when  he  was  but  twelve  years  old,  had  but  little  influence 
upon  his  after  career,  except  perhaps  that  his  great  accuracy  in  detecting 
and  analyzing  unusual  sounds  in  language  may  have  been  inherited  from  4 

her  who  was  an  accomplished  musician.  His  early  education  was  pursued 
at  the  local  schools,  supplemented  by  a  good  library  at  home.  The  favor- 
able opportunities  for  the  observation  of  nature  which  presented  them- 
selves he  improved  by  forming  a  boyish  museum  containing  rude  anatomi- 
cal preparations  made  from  rabbits,  opossums,  muskrats,  etc. ,  and  of  birds, 
which  a  traveling  Methodist  preacher  had  taught  him  how  to  stuff.  An 
extract  from  a  letter  to  a  friend,  dated  1844,  contains  these  words,  '*I  col- 
lected shells  on  the  banks  of  the  Susquehanna  long  before  I  knew  the 
meaning  of  genus  and  species." 

In  the  spring  of  1826,  when  nearly  fourteen  years  of  age,  Mr.  Haldeman 
was  sent  to  the  Classical  Academy  of  Dr.  John  H.  Eeagy,  at  Harrisburg, 
Pa.,  a  gentleman  of  whom  he  always  spoke  as  being  an  able  thinker  and 
thorough  scholar.  An  assistant  teacher,  Mr.  J.  T.  Q.  Mittag,  who  is  yet 
living  at  an  advanced  age,  refers  with  enthusiasm  to  the  precocity  and 
studious  habits  of  his  pupil  at  that  time. 

He  remained  at  Harrisburg  two  years,  and  then  went  to  Dickinson  Col- 
lege, Carlisle,  Pa.,  where  his  taste  for  natural  science  was  encouraged  by 
Prof.  H.  D.  Rogers,  subsequently  the  distinguished  geologist.  But  his 
early  freedom  and  the  bent  of  his  own  sturdy  genius  made  the  restraints 
of  a  college  course  irksome,  and  after  two  years  he  left  Carlisle  without 
waiting  to  obtain  a  degree  and  with  the  intention  of  pursuing  his  studies 
alone.  In  fact,  the  lack  of  thorough  teaching  in  his  youth  had  given 
him  a  rooted  distrust  for  the  opinions  of  the  masses,  and  had  formed 
habits  of  self-reliance  which  forced  him  to  be  original  or  nothing.  ''I 
cannot  learn  from  others,  I  must  see  for  myself,"  he  would  impatiently 
exclaim,  and  thereupon  would  proceed  to  investigate  an  assertion  with  a 
series  of  cross-examinations  such  as  were  well  calculated  to  develop  the 
exact  truth.  In  after  years,  to  see  some  poor  native  under  the  fire  of  his 
questions,  when  the  pronunciation  of  an  a  or  an  t^  was  at  stake,  was  almost 
painful.  His  horror  of  compilers  was  such  that  once  when  returning  from 
Europe,  being  reproached  for  having  written  such  short  letters  **when 
seeing  so  much  to  write  about,"  he  characteristically  referred  the  speaker 
to  an  excellent  work  on  European  travel,  saying  that  as  everything  had 
been  well  described  there,  it  was  not  worth  while  to  repeat  it. 

Thus  at  the  age  of  eighteen  he  began  to  direct  his  own  studies  and  to 
accumulate  at  the  paternal  mansion  cabinets  of  geology,  conchology,  ento- 
mology, botany  and  a  scientific  and  linguistic  library.  As  the  bias  of  local 
opinion  rendered  it  necessary  that  all  young  men  who  were  not  professional 
should  go  into  business,  he  assisted  his  father  in  conducting  a  saw-mill  on 
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a  newly  acquired  property,  called  at  that  time  Ohicklswalungo.  The 
young  student  found  business  even  more  tedious  than  college  routine,  and 
relates  of  himself  at  this  tlmo,  **I  developed  a  taste  for  rainy  weather  and 
impassable  roads ;  tlien  I  could  remain  undisturbed  in  the  perusal  of  my 
books,  a  supply  of  which  I  kept  in  a  l)ack  office,  where  I  retired  as  soon  as 
the  sky  looked  threatening."  This  taste  for  rainy  days  was  not  fictitious 
and  remained  with  him  during  his  life. 

In  1885,  Mr.  Ilaldeman  married  Miss  Mary  A.  Hough,  a  lady  whose  emi- 
nent qualities  and  devotion  to  his  interests  greatly  aided  to  render  his  aAer 
success  possible.  Ably  taking  upon  herself  those  cares  which  a  growing 
family  entail,  she  left  him  leisure  for  the  pursuit  of  his  favorite  projects, 
and  it  was  in  consequence  of  her  wish  that  ho  wrote  his  essay  on  Afhal^ii- 
cal  Orthography t  which,  though  not  more  important  than  his  other  works, 
gained  him  an  Euro^^ean  reputation . 

Shortly  after  his  marriage,  Mr.  Ilaldeman,  with  his  wife,  occupied  the 
residence  built  for  him  by  his  father  at  Chlckles,  and  became  a  silent  part- 
ner in  the  Iron  business  conducted  by  his  brothers,  Dr.  Edwin  and  Paris 
Haldeman.  Here  books  and  cabinets  accumulated  under  his  laborious 
hands,  only  to  be  scattered  again  and  give  place  to  others  when  his  insatia- 
ble appetite  for  knowledge  led  him  into  new  fields  of  investlgiUlon.  For 
forty-five  years  he  spent  most  of  his  time  In  his  library,  where  In  his 
vigorous  manhood  he  worked  sixteen  hours  a  day.  For  though  he  accept- 
ed several  professorships  and  delivered  a  number  of  courses  of  lectures,  he 
did  so  with  reluctance,  preferring  to  be  master  of  his  time  and  to  spend  It 
in  the  quiet  of  home. 

In  person,  Mr,  Haldeman  was  of  middle  height,  with  small,  w*ell  formed 
hands  and  feet,  a  large  and  remarkably  round  head,  giving  great  breadth 
across  fVom  ear  to  ear;  high  forehead,  Roman  nose,  full  lips,  black  eyes, 
and  in  youth  a  quantity  of  black  hair,  which  at  his  de^^th  was  of  snowy 
whiteness.  Long  before  it  was  usual  in  Amorici\  he  wore  a  moustache  and 
beard,  not  for  adornment  but  for  convenience.  In  speaking,  he  had  a  clear 
enunciation,  i)enetratlng  voice,  and  much  readiness  at  reptvrtee.  His 
movements  were  rapid,  his  disposition  cheerfVil,  his  genen\l  health  excel- 
lent, and  his  interest  In  sc'lence  unflagging  to  the  end  of  his  life,  his  latest 
occupation  for  leisure  moments  being  the  forming  of  an  arclueologlcal  col- 
lection, in  which  he  took  great  pleasure,  and  the  advancement  of  the  spell- 
ing reform. 

His  death  took  place  suddenly  at  seven  o*clock,  Friday  evening,  Septem- 
ber 10,  1880.  On  returning  from  the  meeting  of  the  American  Association 
for  the  Advancement  of  Science,  held  at  Boston,  August  SBd,  he  ci>m- 
plained  of  fatigue,  but  insisted  on  occupying  his  library  as  usual.  A  physi- 
cian being  sent  for  advised  rest,  but  it  was  only  on  Friday  morning  that 
he  could  be  induced  to  keep  his  bed.  The  physician  [mid  him  a  long  visit 
on  Friday  afternoon,  and  Mr.  Haldeman  conversed  cheerfully  for  about  an 
hour ;  only  once  he  complained  of  woikness,  and  fixing  his  eyes  on  the 
doctor,  asked,  **  Do  you  think  this  could  be  the  breaking  up  of  my  sys- 
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torn?**  but  80om<H)  MtlaflH  'wheii  th«  diHior»  surpriacil,  antwered  **Na** 
A  few  houra  after  wart),  having;  rUon  fkt>iu  \\\»  IhhI  without  a»ftl«taiic«,  hU 
aon»  who  wa«  in  the  iioxt  nH)ni,  htvirtl  a  fkU  ;  in  a  moment  ho  waa  by  his 
»idc  and  had  talvon  him  In  his  arnta,  but  tiumgli  every  metma  waa  rt»«iorted 
to  timt  animation  mi^tiu  Ih»  rt««)^toreii»  lifV  had  de)>artett.  Death  wiM  uoca« 
aioneii  by  a  diaeaae  of  tiie  lieart,  to  widch  lie  had  aome  hertntltary  imnUa* 
\>o»\{\o\u 

1  m«^  add  to  the  altove  aome  )H>raonal  reminiaoiuicea  liiuatratinj^  Prof« 
HaidemanV  character,  ct>mmunioatiHt  to  me  by  Prof.  fi.  A.  liarber,  of  thia 
city, 

Llice  moat  men  of  hi^ach  impuiae  and  native  truthtXiineaa,  It  waa  dltttcuit 
for  him  to  aua|HH't  diHH^it  In  othera.  On  one  tHX'^Kaltm  he  ahowed  Prof, 
liarlH^r  a  amall  atone  ornament  aliaped  lll^e  a  Aal)«  and  entluialaatlcaily  de- 
acrllHHi  it  aa  one  of  the  **l^nd»**  in  the  famoua  •'Ohlckiea  r»H^k  rt^triHit/* 
Wlti)  aome  iiealtatlon  hia  auditor  iH>lntiH)  out  tvrtain  auaplcioua  marina  altout 
it«  and  aug)teaUHt  tlie  )Hiaalhillty  timt  it  liad  In^eu  manutaoturett  by  one  of 
the  tH\Ya  enga^Hi  lu  the  excavation^  Kor  the  Iti^t  time  Uk>  Idea  of  auch 
an  lm|>iXHitlon  ci\>aaed  hla  mind,  and  (\irilier  in veat Ignition  Knt  to  a  c\uU\>a« 
alon  of  the  act  by  tlie  |>eriH»tnuor. 

It  waa  hla  taate  and  a)>)>arentiy  alao  hla  theory  timt  a  atudent  ahould  not 
Ite  a  a)H^cialiat>  but  aiiould  devote  Ida  mind  to  dltVerent  brancliea,  ihua  aeeur* 
lug  wider  knowledge.  In  a  wnveraation  with  Prof,  Itarlter,  ho  once  aald  ; 
**I  never  puraue  one  tiranch  of  aolentx^  more  than  ten  yeara>  but  lay  It 
aaldo  and  gt>  Into  new*  Aelda/' 

Aa  a  tM>rrea|>t>ndeut,  he  wmte  fhniuent  lettera,  but  t>rlef  onea,  and  gener* 
ally  waa  an  enemy  to  jmdixlty.  In  one  of  hla  lettera  he  wrltt^  •'  You  may 
think  tlie  encU>aure  ratlier  abort,  but  I  dlallke  |uilaver,  and  ilko  to  say  tuy 
•liy,  then  atop,** 

Thla  trait  ahowa  Itaelf  In  hla  wrltlnga,  Hla  atyle  la  tei^e  and  nervoua, 
and  hia  matter  ahowa  ixmat^uU  eyldemx^  of  C)m^(\il  arrangement,  ao  lui  to 
aecun»  the  utnuv»t  c^mdenatulon  com|>atlbio  with  clearneaa. 

Pn>feaaor  Haldeman*a  rollgloua  vlewa  wert»  lix^ni  ft>r  many  yt^ra  lH'»tV>ro 
hla  death.  Horn  of  I^n^tvstant  imrentage,  he  waa  IihI  in  early  life  to  doubt 
tiie  ttuH))ogy  which  lie  tieant  taiight  In  tlie  achoola  and  imM^duni  In  tho 
pulpltjt  of  t'entnU  Pennsylvania,  and  for  a  term  of  yeawdld  not  attach  him- 
aelf  to  any  aect  or  chun^h,  li»Uer  on  he  tot>k  up  the  ayaiematlc  atuil>*  of  llie 
evldencea  of  Miglon,  ct>nvlnctHt  that  thla  la  a  aul\Ject  on  w*hlch  every  man 
of  Intel! igenw  ahouid  have  dertnlleand  delVnalble  tx>nvlctlona.  Tlio  ix»auU 
of  hla  atudlea  waa  that  lie  united  himself  with  the  Roman  Catholic  Church, 
which  he  atatiM  he  imd  found  to  iw  the  earlleat  historic  form  of  OhrUtlan- 
ity.  and  he  nMnalned  a  consistent  men\lH.^r  of  that  txmtVaalon  until  hla 
death. 

Karly  dlatingulahed  aa  a  devoted  atudent  of  natural  acientx\  Prof, 
llaldeman  waa  select tnt  to  till  varloua  public  |H^ltlona  aa  an  ex)>ert  and  a 
teacher.  In  IS5UI  he  was  cln^en  an  aaslatant  In  tiie  New  Jei'aey  OtHdoglcal 
Survey,  and  the  following  year  held  a  almllar  olliw  In  Pennsylvania,  and 
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prepared  a  work  ou  the  geology  of  that  part  of  this  State  lying  between 
tlie  Blue  mountain  and  South  mountain,  fi*om  the  Delaware  to  the  Mary- 
land lino,  which  was  published  May  Ist,  1887.  While  engaged  in  this  oc- 
cupation he  discovered  the  ScoUthus  linearity  the  oldest  fossil  then  known. 
In  1851  he  became  Professor  of  Natural  History  in  the  University  of  Penn- 
sylvania ;  in  1856,  in  Delaware  College,  acting  also  as  Professor  of  Qool- 
ogy  and  Chemistry  to  the  State  Agricultural  College,  and  subsequently 
became  Professor  of  Comparativo  Philology  in  the  flrst>namod  institution, 
when  that  chair  was  first  established,  and  filled  it  continuously  up  to  the 
time  of  his  death. 

Turning  now  to  his  record  as  an  author,  we  find  Professor  Haldeman 
displayed  amazing  activity  In  a  variety  of  branches.  In  his  earlier  years 
natural  history  was  his  passion,  while  In  his  later  life  linguistics  and 
archceology  occupied  most  of  his  attention. 

The  first  work  which  I  can  find  assigned  to  him  was  **  Fresh  Water 
Univalve  Mollusca,*'  published  in  1840,  2  vols..  8vo,  which  Is  now  out  of 
print.  This  book  Is  very  scarce  and  It  Is  diflicult  to  obtain  a  copy,  the  last 
one  that  was  sold  bringing  thirty  dollars  ;  in  1842  he  published  ''Zoologi- 
cal Contributions;*'  In  1847  he  Issued  a  work  on  the  *' Genus  Leptoxis,'* 
in  French,  while  on  a  visit  to  Paris.  It  is  part  of  the  lUusirationB  Con^ 
ehologiqu$»  of  Dr.  Chenu.  In  1849  he  issued  his  first  philological  work, 
entitled  "Some  Points  in  Linguistic  Ethnology,"  dealing  with  English 
languages,  and  from  that  date  he  became  recognized  In  the  scientific  world 
as  one  of  the  leading  philologists. 

In  1850  he  published  a  work,  **  Zoology  of  the  Invertebmte  Animals  ;" 
in  1851,  "Elements  of  Latin  Pix)nunclatlon  ;"  In  1855  he  edited  ''Taylor's 
Statistics  of  Coal ;"  in  1856,  a  work  ou  the  *'  Relations  of  the  English  and 
Chinese  Languages;"  in  1864  ho  Issued  a  work  on  the  game  of  chess  under 
the  title  of  "  Tours  of  a  Chess  Knight ;"  and  In  1868,  the  '*  Rhymes  of  the 
Poets,"  under  the  nom  d6  plume  of  "Felix  Ago;**  in  1871  he  issued  a 
work  on  '^Affixes  to  English  Words,"  and  in  1877,  his  last  work,  entitled 
"Outlines  of  Etymology, "  was  published. 

The  Professor  leaves  behind  him  a  complete  work  on  "Word  Building," 
which  is  designed  for  the  use  of  classes  In  Etymology,  and  which  is  ready 
for  the  printer;  also  a  work  on  "English  Prosody,*'  llo  also  loaves  the 
manuscript  of  "Rat  and  River— a  Tale  of  the  Ohio,"  a  mock  heroic  iwem, 
and  a  poem  of  the  same  kind  entitled,  "  Flight  of  the  Fishes,*' 

In  addition  to  these  works  he  has  contributed  probably  one  hundriHl  and 
flfly  papers  on  various  scientlflc  subjects,  especially  relating  to  Geology, 
Conchology,  Entomology,  Philology,  and  several  branches  of  Zoology, 
which  have  been  published  In  the  Proceedings  of  the  American  Associa- 
tion for  the  Advancement  of  Science,  the  American  Philosophlail  Society, 
American  Philological  Association,  Academy  of  Natuml  Sciences,  and 
many  other  learned  societies  of  which  he  was  a  member.  This  Society  is 
now  publishing  in  their  Transactiims  a  monograph  on  '*  Contents  of  a 
Kock  Retreat  in  Southeastern  Pennsylvania,"  which  is  descriptive  of  the 
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Indiiui  arrow  hoada  and  othor  roUct  (bund  In  the  cuve  under  Ohiokies  n)ck. 
Ho  WH§  the  Arst  iHllior  of  the  Pennsylvania  ''Farmera*  Journal,"  a  con* 
tributor  to  **8IUlmau'B  Journal/*  the  "  lotmo^traphic  KncycUHMHlla,"  the 
** Literary  World,**  and  Johnson *«  (\vclo|>ivdla. 

Of  the  latter  he  wtis  also  an  associate  editor  of  the  Comi^iratl  ve  Philology 
and  Linguistic  department,  and  was  the  author  of  numerous  articles  In  It. 
Ho  also  wrote  two  or  three  manuals  of  orthogmphy,  pronunciation  and 
etymology,  and  his  treatise  on  ••AniUyllcal  Orthogmphy/'  consisting  of 
Investigations  Into  the  phlU>sophy  of  languagts  gained  him,  In  1858,  the 
highest  Trt»volyan  prlxe  over  eighteen  compel Itora.  He  nrote  the  Rixilogl. 
oal  )H>rtlon  of  Tregi^'s  ••Geography  of  Pennsylvania'*  (I84a\  and  Uupp's 
*•  History  of  Lanowter  County"  (1844). 

I  have  endeavored,  without  success,  to  prei^art^  a  complete  list  of  those 
numerous  i>apers,  and  must  content  myself  with  the  alntve  general  refer* 
ences  to  them. 

In  cimcluslon,  I  wish  to  present  an  apprt>clatlve  tribute  to  Pwf.  Halde- 
man's  scientlHc  attainments  tVom  the  )H'n  of  his  personal  friend  and  our 
much  esteemei)  memlH^r,  Dr.  John  L,  LeOonte. 

*'Next  to  his  valuable  contributions  In  Philology,  the  most  lmiH)rtant 
work  of  Prof.  HAldeman  wi\s  in  the  direction  of  descriptive  Natural  His* 
tory.  He  was  well  versed  In  seveml  bnvnches  of  Zwlogy,  and  notably  In 
Oonchology  and  Kntomology  \  In  botli  sliidles  he  pen^lved  latent  \mwbU 
bllltles  of  fiiture  philosophical  development,  which  the  then  imperfect 
oltsi^rvatious  nuulennl  tm)H)sslble  to  do  more  thtui  dimly  outline.  This 
quality  Is  es)HK'ially  noticeable  In  rtnnarks  scattered  thi*ough  his  monogmph 
of  Fresh  Water  Univalves  of  the  United  States,  and  In  a  memoir  ;♦  •  Knu- 
moratlon  of  the  rectuit  frt>sh  water  Mollusca,  which  are  common  to  North 
Americti  and  £urope,  with  observations  on  s)>ecies  and  their  distribution.* 

**  Without  being  a  i^artlstui,  any  mort^  than  mysell\  in  the  scientific  squab- 
ble which  then  prt)voked  much  bitterness  of  expression  between  the  (HUUend- 
ing  lUothms,  but  which  has  since  dwindled  Into  cHunpamtive  Insignificance 
—the  single  or  multiple  origin  of  man — we  held  fhuiuent  conferences  U)>on 
the  subject.  And  In  these  tViendly  talks.  I  have  hcanl  him  exprt^ss  himself 
freely  on  the  Imi^ossibllliy  of  the  results  of  the  naturalist  inow  the  bhtlo* 
gist),  being  ever  accH*pt4ible  to  the  adheriMits  of  the  scholustlo  scIuh)!, 
*For,*  stUd  he,  •  if  It  be  prt)ved  tlmt  organic  forms  are  invnrlable  during 
their  continuance  \\\Hn\  earth,  then  the  dltlerent  humnn  races  must  be  con* 
sldortHl  as  having  originuted  Independently.  If  on  the  other  hand,  organic 
forms  are  phuilic,  under  ciivunistancen  not  yet  undersloiHl,  then  the  present 
species  may  have  been  developed  fitun  species  which  preceded  them,  and 
have  not  resulted  tVoni  direct  creative  aets.  Kither  horn  of  the  dilemnm  is 
unsttt  is  factory  to  the  metaphysical  views  prevalent/ 

**  While  his  contributions  to  the  two  bmnches  of  Zoolotfv  «bove  mentioned 
have  contributed  to  their  advance  In  this  ctutnlry,  what  are  especiully  to 
be  admired  are  the  r.eal,  the  honesty  of  expix'ssion,  and  tho  unseltlshnesa 

tiioMton  Journnl  of  NnturtU  lUiitory,  vol.  tv,  p.  IK"*. 
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with  which  he  did  everything  he  beUeved  to  be  right,  or  to  be  his  duly  as 
the  occasion  dictated.  • 

'^  When  in  affluence,  his  contributions  for  tiie  promotion  of  science  were 
liberal.  When  in  moderate  circumstances,  he  pursued  with  equal  industry 
such  subjects  in  science  as  required  small  ex|>enditure.  But  at  all  times  he 
was  an  industrious  and  intelligent  laborer,  a  warm  and  sympatlietic  fHend, 
and  a  thorough  hater  of  pretence  and  empiricism. 

**  Failing  eyesight  compelled  him  eventually  to  give  up  his  studios  in 
Zoology,  and  to  devote  his  whole  time  to  Linguistics,  for  which  he  had  es- 
hibited  a  growing  taste  for  several  previous  years. 

^*  The  rare  flexibility  of  his  vocal  organs  gave  him  iieculiar  fkdllty  for 
analyzing  and  imitating  the  sounds  in  foreign  languages,  which  he  never 
lost  any  opi)ortunity  of  hearing  in  his  travels,  both  in  this  country  and  in 
Europe.  In  this  matter  his  Natural  History  training  in  accurate  observa- 
tion, aided  by  remarkable  perceptive  qualities,  gave  him  great  advantage, 
and  I  am  convinced  that  his  analysis  of  the  causes  of  change  of  sound  in 
words,  in  pas»ng  fh)m  one  language  to  another,  will  hereafter  receive  much 
more  attention  than  they  have  heretofore  done  in  this,  the  country  of  his 
birth,  where  such  investigations  are  still  in  their  infancy.'* 


JStated  Meeting y  Februart/  18, 1881. 

Present,  12  members. 

President,  Mr.  Fraley,  in  the  Chair. 

A  letter  acknowledging  Diploma  was  received  from  A. 
Akerman,  dated  Stockholm,  Jan,  16, 1881. 

A  letter  requesting  missing  numbers  of*  the  Proceedings 
was  received  from  the  Rhode  Island  Historical  Society, 
February  14,  1881.  ^ 

A  letter  respecting  the  third  part  of  Tmnsactions,  Vol. 
XV,  was  received  from  E.  A.  Barber,  4008  Walnut  street, 
Philadelphia,  February  14, 1881. 

Letters  of  acknowledgment  wero  read. 

Donations  for  the  Library  were  received  from  the  Mining 
Surveyors  at  Melbourne ;  the  Zoologiseher  Anzeiger ;  the 
Academia  dei  Lincei;  the  Academy  at  Brussels;  M.  Dolesse; 
the  Revue  Politique;  London  Nature ;  Journal  of  Forestry ; 
Mr.  T.  S.  Brown,  of  Montreal ;  Essex  Institute ;  Poughkeep- 
sie  Society  of  Natural  History  ;  Mr.  B.  A.  Hinsdale ;  Penna. 
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Magazine  of  History ;  Franklin  Institute ;  Medical  News ; 
Mr.  T.  Meehan ;  Mr.  H.  Phillips,  Jr. ;  Naturalist's  Leisure 
Hour ;  State  Board  of  Agriculture  ;  Johns  Hopkins  Univer- 
sity; Lighthouse  Board;  American  Antiquarian  Society; 
Wisconsin  Historical  Society ;  Robert  Peter,  M,D.,  and  the 
Asiatic  Society  of  Japan. 

The  death  of  the  Rev.  E.  A.  Washburn,  D.D.,  at  New 
York,  February  2, 1881,  aged  58  years,  was  announced  by 
the  Secretary. 

The  death  of  Auguste  Mariette  Pasha,  at  Cairo,  Jan.  19 
aged  60  years,  was  announced  by  Mr.  Lesley,  with  a  sketch 
of  his  career  as  an  Egyptologist. 

A  communication  was  read,  entitled  "  On  the  course  of 
Fossil  Botany,"  by  Prof.  M.  B.  Renouf,  at  Paris,  by  Leo 
Lesquereux. 

A  copy  of  the  original  photograph  of  the  nebula  in  Orion 
was  presented  by  Dr.  H.  Draper. 

A  communication  was  read,  entitled  "On  certain  old 
Almanacs  published  in  Philadelphia  between  1705  and 
1744,"  by  Henry  Phillips,  Jr. 

The  minutes  of  the  last  meeting  of  the  Board  of  Officers 
and  Members  in  Council  were  read.  On  motion  the  action 
of  the  Board  in  disposing  of  certain  old  newspapers  by  pre- 
sentation to  the  Pennsylvania  Historical  Society  was  ap- 
proved. 

The  following  report  of  the  Chairman  of  the  Committee 
on  the  Michaux  Legacy  was  read,  as  follows : 

Report  of  tlie  Chairman  of  the  Committee  on  the  Michaux  Legacy  : 

Half  of  the  income  of  the  legacy  for  the  last  year  was  duly  paid  over  by 
the  Treasurer  to  the  Treasurer  of  the  Fairmount  Park  Commissioners,  and 
has  been  duly  applied  to  the  cultivation  and  distribution  of  trees,  partly 
in  Park  planting  and  partly  to  others. 

Theother  half  was  not  all  spent  because  Professor  Rothrock  only  de- 
livered a  half  course  of  seven  lectures  in  the  Park,  as  he  desired  to  go  and 
went  in  the  early  summer  to  Strasburg  to  perfect  himself  in  German ,  and 
to  pursue  his  botanical  studies  under  Professor  De  Barry.  There  was  an 
increased  attendance  and  interest  in  Dr.  Rothrock's  last  spring's  lectures. 

Owing  to  but  a  dividend  of  33  per  cent,  having  been  received  for  the 
Auxiliary  Faculty  by  the  University  from  Dr.  Wood's  estate,  Dr.  Roth- 
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rock  will  have  but  one-third  his  usual  income  from  that  chair.  It  is  im- 
portant that  we  keep  him  in  Philadelphia.  I  therefore  recommend  an  ap- 
propriation of  $330  for  a  course  of  fourteen  lectures  in  the  Park. 

The  year  1880  was  most  abundant  in  tree  seed,  and  they  were  gathered 
in  quantities  much  greater  than  ever  before  and  in  more  varieties.  We 
have  planted  the  Hardy  Catalpa  in  large  quantity  and  have  the  seed  for 
planting  this  spring  ;  also  the  seeds  of  the  White  Cedar,  both  very  valua- 
ble for  enduring  wood. 

Eli  K.  Price,  Ghairman,  ifc. 

It  was,  on  motion, 

Besohedy  That  $330  be  appropriated  for  the  Michaux  lectures. 

On  motion  it  was  resolved  that  the  whole  subject  of 
stereotyping  and  printing  separately  the  publications  of  the 
Society  for  convenience  in  meeting  such  requests  as  that  of 
Mr.  Barber,  in  his  letter  of  the  4th  inst.,  be  referred  to  the 
Committee  on  Publication,  with  the  Treasurer,  to  report. 

New  nominations  Nos.  928  to  931  were  read. 

And  the  meeting  was  adjourned. 


On  a  Cours  de  Botanique  Fossile  by  Prof.    M,  B.   Benault, 

By  Leo  Lesquereux, 

{Read  before  the  American  Philosophical  Society,  February  18,  1881.) 

In  this  course  of  lectures  given  by  Prof.  Renault  in  the  museum  of 
natural  history  of  Paris,  the  author  gives  very  interesting  details  on  the 
results  he  has  obtained  from  anatomical  analysis  of  silicified  specimens  of 
fossil  plants.  The  volume  recently  published  exposes  the  characters  of  a 
single  group,  the  Gicadeoe,  which  the  celebrated  phyto-paleontologist  has 
followed  in  all  their  subdivisions  and  modifications  from  the  present  age 
to  the  Devonian.  These  researches  throw  some  new  light  on  the  nature 
or  internal  structure  of  some  plants  of  the  coal  measures,  especially  the  Gor- 
daites,  the  Sigillarim  and  Stigmarice. 

Prof.  Renault  divides  the  Gicadem,  from  the  structure  of  the  wood, 
trunks  and  leaves,  in  five  groups  or  families,  which  from  a  difference  in 
the  essential  characters  of  the  wood  he  subdivides  in  two  sections,  A.  B. 

The  plants  are  composed  of  vascular  vessels  forming  two  juxtaposed 
woody  parts  inversely  increasing  .the  one  toward  the  centre  (centripetal), 
the  other  toward  the  outside  (centrifugal).  This  double  increase  is  going 
on  in  both  the  leaves  and  the  stems.  To  section  A  are  referable  the 
OicadecB,  the  Zamim,  the  Gicadoxyia,  and  the  Gordaites,  to  B  the  Poroxylos 
and  the  SigillaricB  with  the  Stigmarics. 

The  Gordaites  and  the  Sigillarice  being  now  well  known  from  American 
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specimens,  are  the  only  of  these  families  which  are  interesting  to  the  bo- 
tanical paleontology  of  this  country. 

For  the  Gordaites,  Prof.  Renault  has  given  very  detailed  anatomical  de- 
scriptions and  splendid  illustrations  of  all  the  organs  of  these  plants,  as 
complete  indeed  as  if  they  had  been  made  from  living  vegetables.  The 
development  of  the  plants  is  followed  from  the  fertilization  of  the  ovule  ; 
for  grains  of  pollen  have  been  discovered,  by  vertically  cutting  the  em- 
bryonic bodies,  one  already  enclosed  into  the  pollinic  chamber,  two  of 
them  still  on  their  way  downward  in  the  pollinic  tube. 

The  first  of  these  grains  is  fully  ripe,  as  recognized  by  the  author,  who 
has  been  enabled  to  see  a  difierence  in  the  mode  of  fertilization  from  the 
difference  of  size  and  structure  of  the  grains  of  pollen  which  were  as  pro- 
fusely disseminated  around,  at  the  Carboniferous  epoch,  as  are  those  of  the 
Conifers  at  our  time.  When  found  in  a  state  of  dissemination,  the  grains 
of  pollen  of  the  Gordaitea  are  already  a  third  larger  than  those  still  fixed  to 
the  anthers,  and  they  appear  then  composed  of  an  internal  globule  (entine). 
and  of  an  outside  envelope  (extine) .  On  the  grains  still  placed  in  the  pol- 
linic tube,  the  fertilizing  globule  is  more  distinct,  and  more  distinctly  sepa- 
rated from  the  envelope,  while  the  grain  placed  in  the  pollinic  chamber  is 
still  larger,  and  its  two  parts  more  distinct.  It  seems  therefore,  according 
to  the  remarks  of  the  author,  that  in  their  exit  from  the  anthers,  the  pol- 
linic grains  are  not  fully  ripe  or  prepared  for  the  act  of  fecundation,  and 
that  they  have  need  of  a  second  process  of  evolution,  while  enclosed  in  the 
poUiqic  chamber,  for  a  full  separation  of  the  cells  and  the  completion  of  the 
fertilizing  action.  This  process  differs  from  what  is  remarked  in  the  plants 
of  the  present  time,  by  the  fact  only,  that  now  the  pollinic  grain  is  already 
perfect,  when  it  becomes  detached  from  the  anther,  and  is  not  surrounded 
by  a  membrane. 

The  wood  of  the  trunks  of  Gordaites  is  composed  of  a  thick  pith  or 
medullary  cylinder,  which  is  generally  known  under  the  name  of  Ariisia 
or  Sternbergia.  The  medullar  cylinder  very  variable  in  thickness  is 
obscurely  costate  lengthwise  and  transversely  marked  by  close  parallel 
furrows,  sometimes  anastomosing  with  each  other.  These  furrows  are 
formed,  as  seen  from  the  anatomical  analysis  of  silicified  branches,  by 
medullary  transversal  bands,  which  in  the  living  plants,  produced  a  divis- 
ion of  the  medial  cylinder  into  as  many  empty  excavations,  each  corre- 
sponding, by  contraction  of  the  surface, to  an  outside  furrow. 

The  wood  itself  is  formed  in  its  inside  part,  or  in  contact  with  the 
medullary  axis,  of  two  zones  ;  the  inside  of  the  first  is  composed  of  annulate 
and  spiral  trachids,  its  outside  of  radiate  and  reticulate  ones  separated  by 
the  medullary  rays.  The  trachids  of  this  last  zone  gradually  pass,  by  the 
enlarging  of  the  striae  of  their  walls,  into  punctate  trachids,  which  constitute 
a  second  woody  zone,  which  is  of  considerable  thickness  in  large  trunks, 
and  always  composed  of  trachids  with  'areolate  perforations,  disposed  in 
radiating  striae,  and  separated  also  by  medullary  rays.  The  areoles  are  in 
contact  ;  by  mutual  compression  they  become  hexagonal,  and  are  pierced 
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in  the  centre  by  small  pores  or  inclined  fissures,  whicli»  by  contraction  or 
widening,  become  elliptical  or  round.  In  badly  preserved  or  old  specimens 
tlie  pores  occupy  nearly  tlio  whole  space  oi  the  arcoles. 

The  characters  of  the  wood  of  GordaiUs  as  exposed  above  are  much  lilce 
those  of  the  wood  of  some  Conifers,  and  fi'om  this  affinity,  the  fossil  fVag- 
tnent&  of  wood  or  trunks  discovered  in  the  Devonian  and  the  Carboniferous, 
have  been  generally  referred  by  authora  to  Conifers.  Dcuioxylon  Endl., 
AraueariUi  Goopp.,  Ptnifes  Lind.  and  6utt.  are  all  referable  to*  Gordaites* 
It  is  now  well  known  that  LomatophhioSy  to  which  Corda  referred  the  me- 
dullary cylinder  of  Arti»iay  has  a  far  different  kind  of  pith. 

Considering  especially  the  structure  of  the  trunks  of  GordaiUs  and  the 
character  of  the  fk'uctifications,  Prof.  Renault  finds  a  relation  between 
these  plants  and  the  CyoadtcB,  ft-om  which  they  greatly  differ,  however, 
by  their  mode  of  growth  and  stature.  The  disposition  of  the  flowers  has 
some  analogy  with  that  of  the  Taxinea  or  Oenetacm. 

The  Poroxylem  do  not  otfer  any  remark  applicable  to  what  is  known  of 
fossil  planta  of  this  continent.  They  are  represented  by  fossil  trunks,  of 
which  three  species  are  described  by  the  author. 

The  Siffillaria  and  the  8tigmari(»t  on  the  contrary,  are  of  peculiar  interest 
on  account  of  the  great  abundance  of  their  remains  disseminated  over  and 
in  the  whole  thickness  of  the  American  Coal  measures,  sometimes  constitu- 
ting whole  strata  of  combustible  mineral. 

Prof.  Renault  finds,  in  the  wood  of  SiffiUaric^  medullary  rays,  an  endog* 
enous  and  an  exogenous  zone,  and  vasculur  fascicles  originating  between 
the  zones  and  constituting  the  strings  of  vessels  entering  and  composing 
the  leaves.    These  characters  relate  them  to  phanogamous  gymnosperms. 

From  anatomical  researches,  Brongniart  had  come  to  the  same  conclusion, 
which  is  supported  also  by  Saiwrta  and  Grand  *Eury.  On  the  contrary 
Profls.  Hooker,  Williamson,  BInney  of  England,  who  have  pursued  re- 
peated observations  and  made  numerous  and  very  oarefVil  anatomical 
analysis  of  the  wood  of  SigiltaHat  find  in  it  the  characters  of  Lycopo- 
diaceous  plants,  and  relate  them  to  Lepidod&ndron, 

The  discordance  of  views  may  result,  as  supposed  by  Prof.  Renault^ 
f^m  the  difference  of  age  of  the  plants  ftom  which  were  derived  the 
specimens  subjected  to  analysis.  But  the  supposition  is  strongly  contra- 
dicted by  Prof.  Williamson  In  a  recently  published  paper,  on  the  organi- 
zation of  the  Fossil  Plants  of  the  Coal  measures.*  To  follow  the  details 
of  the  discussion  on  this  very  interesting  question  It  would  be  necessary  to 
have  the  Illustrations  under  the  eyes. 

We  have  no  means  of  comparing  the  determination  of  the  celebrated 
authors.  All  that  I  know  and  can  see  f^om  American  specimens  of  the 
outside  chamcters  of  Lepidodendr^n  and  Sigillarxa  indicates  a  close  typical 
relation  of  both  genera,  and  therefore  in  the  U.  S.  coal  flon\  I  have  placed 
the  genus  Sigillaria  in  the  LycopodioMCH* 

Stigmaria  necessarily  follow  Sigillaria  ;  for  remains  of  Stigmaria  have 

•  Proo.  of  the  Royal  Soo. ,  No.  '205, 1880, 
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been  fbund  attached  to  trunks  of  Si^Ht^ruM  as  roots*  From  this  llict  Stlg* 
maria  plants  have  lHH>n  generally  admitted  as  true  roots  and  are  so  In  cer> 
tain  circumstances.  • 

On  this  subject  Prof.  Williamson  says,  that  StitfmarM  belongs  alike  to 
L0pidoii0ndron  and  to  Sigillaria  as  root.  I  have  never  seen  any  |y)sltlve 
relation  of  these  two  genera  of  plants,  or  never  found  any  remains  of  Stiffs 
maria   In   ct>nnection  with  those   of  Lepidmlendron.     Even  In   what  4 

seems  to  Ite  a  creeping  state,  or  ro^ufng  like  that  of  some  Lyco)HHls,  tlie  small  ' 

Intertexteil  stems  of  l^epidmhtidron  exactly  preserve  the  )H>cullar  totnx  of 
their  leaf  scars  and  never  have  round  anniles  like  Stigmaruu 

What  was  known  formerly  of  the  structure  of  these  plants  by  the  ana* 
tomical  analysis  of  phyto\>aleontologists  is  cttnArmeil  by  the  researches  of 
Prof.  Uena\dt.  However.  tVtmi  the  motle  of  life  of  the  Stiff tmirii9  which 
in  ci^rtain  cases  and  for  long  periods  of  time  ap|HHir  to  liavo  had  an  Inde- 
IXMulent  vegi'tation,  he  supiH)ses  that  these  plants  are  of  two  kinds  ;  9on)c 
nx>ts,  others  rldaiomas. 

In  transversal  section  of  Stiifmarut  jicoith^^  he  has  observed  as  obliq\tely 
tnwersing  the  wihhIv  cylinders  two  kinds  of  vascular  5^ciclos>  the  tlrst 
numerous,  reacliing  to  the  outside,  true  vascular  bundles  of  leaves;  the 
others  less  numerous  in  the  Interior  of  tlio  woml,  which  represent  fascicles 
of  roots.  Hence  In  ct»rtain  circum«tanci»s  iytiffttutHa  plants  bear  leaves ; 
In  others,  fiiscicles  of  rtH)ts  may  Iw  develo|HHl.  ' 

I  have  alrt»ady  at  different  times  ex jH^sed  my  views  on  the  vivrlable  nature 
of  these  plants  acinmling  to  their  mode  of  vegetation.  They  have  bwn 
more  reci»ntly  resumed  In  the  description  o(  the  genus  Sti^ttMHa^  VofxX 
Flora  of  Pennsylvania  and  the  Uniteil  States,  1$^1,  (vige  500,  <&c.,  and  I 
tldnk  that  they  agree  in  all  essential  (H)ints  with  tlie  opinion  of  the  French 
author.  <S%mfi riVp  as  stems  (or  rhixomas)  have  lived  independently  and 
for  long  i^eriods  of  time  floating  at  the  surfkce  of  the  swam))s  of  the  (^ar- 
iK^niferous,  or  covering  the  soft  mud,  without  prinlucingany  fVuctiflcations. 
In  this  case  the  stems,  horixont^d,  raivly  bmnching  (dlchotomous),  pre* 
serve  a  uniform  sixe,  and  bear  also  tubulous  leaves  only,  more  or  less  regu- 
larly dis(H)sed  in  spiral,  no  ix>«ulets.  Wide  surfiuvs  of  rocks  art*  covereil 
with  plants  of  this  kind,  and  thick  strata  of  clay  ara  fllk^il  or  c<m\|H«ed  of 
their  remains,  without  any  fragments  or  tniccs  of  ^V«/M7arMl,    This  vegeta^  ^ 

tion  may  Ih>  called  adventive.  But  in  another  c^ise  the  ginminating  pnnx'ss 
may  begin  on  S(\nd  or  on  a  tlotUing  carpet  of  stems  of  SfigtH^u^iih  having 
IwiHune  com|)t\ct  and  solid  enough  to  sup)>ort  trees.  Then  the  grt>wth  of 
the  plant  fh>m  the  prinluclion  of  a  vertical  bud  pn>ceeds  upwartl  and 
downwanl,  and  the  b(\silar  appendages,  first  obliquely  inclined  down> 
wanl,  beiH>me  gnuluully  more  or  less  vertical  t\s  true  rt^ots  and  bear  i\>ot« 
lets,  often  still  mi.uHl  with  leaves,  as  seen  by  their  scjirs  of  different  siae 
and  conformation.  This  kind  of  vegetation  finds  an  analogy  in  that  of  a 
number  of  flotiting  plants  of  our  time :  Mosses,  Lycofwds,  etc.* 

•Oranil  *Kury  luut  lately,  tn  oxplorlnir  ttu>  otwl  noUls  of  lUM^many,  riHH>RnUiHl 
these  two  dUtluet  imHtest  of  vojrottittoii  of  tho  Sfiffm'tri^t. 
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The  work  of  Prof.  Renault  U  closed  by  remarks  on  tbe  geological  dlstrU 
bution  of  the  plants  of  the  families  which  he  has  examined. 

The  Cicada  appear  in  the  Carboniferous  by  Pterophj/Hum  carbonarium 
«nd  persist  througli  the  more  recent  formations  to  our  time. 

The  Zamim  have  also  a  carboniferous  species  Naggerathia  folioat,  and  a 
few  others  in  the  Jurassic. 

The  CycadozyUM  are  represented  by  fossil  wood  of  the  upper  Carbonifer- 
ous. 

The  Cordait$9^' x\\^  Porowylm  and  SigiUarim  are  all  Carboniferous  and 
Devonian  ;  a  fbw  ascending  to  the  base  of  the  Permian. 


Certain  Almanacs  Published  in  Philadflphia  hftween  1705  and  1744. 

By  Henry  Phillips,  Jr. 

{Read  before  the  American  Philosophical  Society,  F\ibruary  18,  1881.) 

In  the  library  of  our  Society  Is  a  volume  of  Almanacs  printed  and  pub- 
lished In  Philadelphia,  at  various  dates  between  1705  and  1744. 

They  are  remarkable  specimens  of  the  degree  of  perfection,  or  rather  lack 
of  perfection,  to  which  the  art  of  printing  had  attained  In  the  Middle  Colo- 
nies In  those  early  days,  boj^lnnlng  with  extremely  bad  paper,  blurred  iiu- 
prasslons  and  Imperfect  type,  and  exhibiting  a  progressive  Improvement 
towards  the  later  dates,  but  nowhere  showing,  however,  what  now-a*days 
would  be  called  a  good  piece  of  work. 

The  volume  which  Is  a  duodecimo,  consists  of  Jacob  Ta3'lor*s  Almanacs 
for  1705,  170C,  1709,  1711,  1712.  1710,  1730,  1738.  1727,  1788,  1740,  1741, 
1748,  1744,  and  Titan  Leed*s  Almanac  for  1718. 

As  a  curiosity  I  reproduce  the  title  page  of  Taylor*s  Almanac  for  1705, 
which  will  serve  as  a  fair  specimen  of  the  manner  In  which  publishers  of 
that  era  were  wont  to  attract  the  attention  of  the  purchasing  community. 

An  Almanack /<^r  the  year  1705.  |  AN  |  EPIIEMERIS  |  of  the  Motions 
and  Aspects  of  the  |  PLANETS  |  andthe^o<t>Maofthe£timiAari^4forthe 
Tear  \  of  English  account  1705  |  Fitted  to  the  latitude  of  40  Degrees  North, 
and  I  the  Longitude  of  75  Degrees  West  of  London;  \  serving  Pensiltania 
and  tlie  Places  adjacent  |  By  Jacob  Taylor.  |  Hermes  Trismegistus,  Cen> 
tiloq.  Aphor.  88  |  .  Saturn  Passing  out  of  one  sign  into  another  cauHS 
strange  Appari\  tions  in  the  Heavens  tMio A  the  Arabians  term  As\xxh\  & 
Cer  I  tain  other  signs  of  a  flery  nature,  \  To  yhlch  Is  added  by  C.  P. 
some  remarks  on  D.  L*s  abuses  |  to  the  Quakers^  In  his  this  Tears  two 
Almanacks.  |  Printed  at  Philadelphia  by  Tiberius  Johnson.  |  . 

This  Almanac  Is  a  small  volume  of  sixteen  leaves,  pages  unnumbered 
and  without  signatures. 

On  the  recto  of  the  title  page  Is  a  **  Table  of  the  Kinqs  of  Englandt 
shewing  the  Years  wherein  They  began  to  Belgn  ;  the  Years  which  they 
have  Reigned,  and  the  Yeai*s  since  they  Reigned." 

PROC.  AMER.  PHIL08.  800.  XIX.  108.  8k.     PRINTED  MARCH  28,  1881. 


Phllllpt,]  292  [Pob.  W. 

Tho  second  leuf  Is  occiipioil  by  a  piece  of  terrible  poetry,  moat  shock- 
ingly priutod,  In  which  is  depleted  the  ditUculty 

'  *  To  pUiue  all  Ilumon  iuU  all  BorU  of  m$n,  *  * 

and  concluding  with  the  linos, 

**  To  them  timt  snnll  proAiimo  thnt  Risque  to  run, 

Tu  lot  US  know  how  wore  Impoaoi)  on, 

l>t»tn»ct  Ion,  envy,  sliuulor  Khull  ttoourt>  (qy  aooruof )  f 

From  that  111  niUureit,  vtuinilng,  lying  Artloas  Cruo.** 

Tho  liwt  woni  is  so  Imdly  printed  as  to  Iw  almast  Illegible, 

The  i^igo  following  contains  an  explanation  of  the  Almanac,  and  tho 
characters  and  signs. 

The  next  iMgi*  sets  forth  the  eclli>si>8  for  1705. 

On  tho  next  i>ag«  oinnirs  ••  XI  month  Janua.  CiHerd  fMMtbn^/*  below 
which  Is  tho  usual  ailendar  with  weather  predictions. 

On  tho  subsequent  page  is  a  table  of  the  motions  of  the  planets,  beneath 
a  heading  **The  Eleventh  Month  171X5, •*  and  followed  by  remarks  on  tho 
Conjunction  of  Saturn  and  Mars  set  down  for  the  month. 

On  the  next  t)age  Is  "The  XII  Month  Fkbruatio  Jhtnanorum,**  and 
beneath  are  the  usual  calculations  and  weather  priHllctions.  On  the  left 
hand  [mges  the  months  continue,  ending  with  Drcrmbicu,  DeoimuB  JifenniX 
On  almost  every  right  hand  page  there  Is  a  plm^e  of  poetry  rolatlng  to  tho  > 

8UpiK)8ed  Influences  of  the  starry  Imdlos  and  tholr  motions,  tis  to  the  pas* 
sage  of  the  setisons.    Under  August,  we  And 

**  Hut  T^mU  oxortM  a  Thumping  Wit 

Abovo  all  vulgar  motuiuro, 
Movo»  Nature  In  a  Jumping  tit, 

Aooonllug  to  hU  plMusuro; 

Tran«orlhlng  wna  tho  Art  he  ua*d 

*Twu«  all  the  skill  ho  had. 
But  bolng  of  tho  Mamo  Aoouh'U 

It  almoiit  madu  him  M— 1).*' 

On  the  last  three  imges  the  author  fklls  foul  of  Daniel  Leeds,  a  rival 
Almanac  maker,  charging  him  with  having  stolen  fnm\Gadbury*s  Ephem- 
oris  i\nd  also  fh>m  a  little  work  by  Jacob  Taylor,  entitled  KcUi^ses  of  the  ^ 

Sun  and  MiK)n  fl>r  twenty  years.  The  atUck  Is  charactorlxed  by  all  the 
personalities  and  indecorum  which  wore  usmtl  among  our  fh^e  sitoken  an- 
cestors. 

The  flrst  printing  otnce  In  Pennsylvania  was  established  about  lOSQ,  by 
William  Bradfortl,  and  \\\o  earliest  proii notions  of  this  Press  were  Alma- 
nacs for  the  years  11180  and  U187.    (Thomas,  History  of  Printing,  Vol.  I,  p. 

aoo.) 

The  mune  of  Jacob  Taylor  ap))ear8  as  that  of  a  printer,  who  '*  >vaa  in 
town**  In  1713,  but  Thonnts  states  that  he  never  met  with  anything 
that  btnx)  his  imprint,  and  eutortitins  doubts  as  to  whether  ho  was  actually 
a  printer.  lie  si^ys,  *^  There  was  a  Jacob  Taylor,  wlio  for  alK)Ut  thirty 
years  annually  calculated  an  Almanac,  wlUch  was  published  in  Phlladel- 
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phia  by  Andrew  Bradford  ;  ho  was  probably  tho  same  person  ;  he  died  in 
1746.*' 

Thomas  (Vol.  i»  p.  338)  does  not  mention  the  existence  of  a  printer 
named  TiberiuB  Johmon,  the  person  who  printed  this  Almanac,  but  states 
tliat  a  certain  Renter  JanMn  managed  the  press  of  William  BnuUord  in 
Philadelphia  fVom  the  time  of  his  removal  to  New  York  until  his  son 
Andrew  came  of  age. 

Mr.  John  William  Wallace,  who  has  an  esiiecial  knowledge  of  all  things 
relating  to  early  Pennsylvania  lylnting,  informs  me  that  Tiberius  Johnson 
was  a  son  of  Benier  Jansen,  whose  name  ei\sily  passed  from  and  through 
the  form  of  Jansen  to  Johnson,  but  he  stiites  that  this  Tiberius  Johnson 
^'  so  far  as  being  an  actual  printer,  or  indeed  a  person  having  even  a  theo- 
retical knowledge  of  typography  ♦  ♦  ♦  is  a  revelation**  to  him.  That 
he  never  before  heard  of  any  imprint  by  him,  and  that  the  fact  that  he  ever 
did  make  one  h}\s  been  genen\lly  unknown.  This  little  volume,  which 
bears  his  imprint,  therefore  appears  to  be  unique. 

It  is  therefore  probable  that  Til)erius  Johnson  continued  to  nurse  the 
business  till  Andrew  took  it.  The  Jacob  Taylor  Almanac  for  1706  was 
** printed  for  the  auth6r  ;'*  that  of  1709,  bears  no  imprint  at  all ;  1711  and 
1713,  are  •* printed  at  Philadelphia.'*  The  Almanac  of  Jacob  Taylor  of 
1710  bears  the  Imprint  of  Andrew  Bn\dford. 

The  Almanac  Issued  by  '^TitAu  Leeds,  Philomat**  bears  title  ''The 
Amn'rican  Almanac  for  the  year  ♦  ♦  ♦  ♦  ♦  1718  ♦  ♦  ♦  Printed 
and  Sold  by  Andrew  Bradford  at  the  sign  of  the  Bible  in  Pliiladelphia.** 

It  is  likewise  a  small  duodecimo  of  twelve  loaves,  lacking  signatures  and 
unnumbered . 

On  the  reeto  of  the  title  is  an  address  to  tho  ^^Curteous  RentUr  "  in  which 
occurs  the  following  imsstigo  ; 

**yote.  That  whereas  my  Preface,  Last  year  gave  Account  that  at  least 
one  Third  of  the  Inhabitants  of  West  Jersey  were  of  the  People  called 
QuakifrSy  but  In  my  Copy  I  had  written  that  there  wt\s  not  one  third 
Quakers.** 

T  neUffVff  Tmny  Venture, 
Jb  say  tKUt  I  Uo  tak^^ 
F<or  a  wH/tiU  mistake,* 
0/ My  PHnter.' ** 

The  usual  figure  of  ^*The  Anatomy  of  Man*8  Body  as  govern  *d  by  the 
13  Constellations**  appears  on  the  leaf  following  the  title  page»  and  is  a 
most  execrable  work  of  art,  shockingly  engraved. 

The  astronomical  calculations  in  the  body  of  the  Almanac  are  inter- 
spersed of  pithy  sayings  of  more  or  less  point ;  such  as,  *^  Land  winds  are 
coldest,  so  sea  winds  are  warmest,'*  **  He  is  sober  who  is  never  drunk  with 
anything  but  wine,**  *'  The  old  woman  would  not  seek  her  daughter  in  the 
oven  if  she  had  not  been  there  herself,**  "  Oft  under  honey  aweet  poison 
lurks,'*  **  March  dust  to  be  sold  worth  Ransom  of  Gold,**  **  An  evil  crow 
an  evil  egg  ;'*  **  Beware  of  a  Smooth  Devil  ;'*  **  Scotch  mist  wets  English- 
men to  the  Skin  ;**  '*So  many  planets  Joined  together  denote  some  Thun- 


drlng  WMlber  ;'*  ^*Pii»icm  runslhrmigh  M  lAngu^^ges,**  **Proceed«  but 
do  Jiwtlet>  ;**  •*  It  i«  a  Iwd  Devil  that  dt^ea  no  gtxni** 

AlHwe  the  mlculatlona  tbr  ^ch  month  ia  *  i^oco  of  six  lined  poetry  of 
moml  iu)d  dtdaeitc  nature. 

In  January  it  runa  thua  : 

Old  jAn<^r«  8tUl  betlna  th*  n>uUns  Yoar* 

AuU  lUI  IhAt's  pttAt  no  vows  «?4^n  o'«»r  r^^iarm''    *   •   •  • 

in  IVwuibor :  • 

**  l)«ath  l»  a  lial«iular  ot)m|Hv»«a*l>y  Kat«, 
lViuH>rnlnir  nU  iu«»n,  n«»vi»r  oul  of  l^t«w**    •   •   •   ♦  ♦ 

It  glvoa  alsH)  a  Hat  of  ecli|)aea  and  Uie  Date  of  holding  **Supream  Courta 
in  7V#Mi'lf«mi«i« 

At  PhiliuUliikiit  the  tenth  day  of  April  and  the  :H  Day  of  S^fiUmbw. 

Oourta  of  t^uarter  Se;»alona  In  iVM««liHifii(i,  At  J^hiUuUliihin^  the  flmt 
Monday  In  *V»iih*A,  Jhh4^  S^pUmb^r^  and  Dn'^mb^r.    •    ♦    • 

Courta  of  Tommon  Pleaa  are  held  :  At  2*h$hiUlpki*h  the  first  Wednea^ 
,day  after  the  Court  of  Quarter  St>aalona    ♦    ♦• 

Then  ft>llow  the  tenua  of  the  SftpM^tm  Courta  and  Courta  of  Common 
Pleaa  In  New  York,  and  the  Supream  Courta  and  Courta  of  Quarter  Se^ 
alima  in  New  Jeraey,  and  at  the  end  la  a  calendar  of  Court  Days  (tit  Mary« 
land, 

Taylor*a  Almanac  ftw  1T19  waa  printed  and  aold  by  **  Andrew  Bradford 
in  the  StH>ond  Street  near  tlie  great  meeting  Houae,  In  Philadelphia.  1719/* 

It  la  a  amall  duoileclmo  of  fllUM^n  leavea.  In  algnaturea  lettered  reai^ec* 
UTely,  A,  B,  C  and  D. 

The  compiler  la  houeat  enough  to  atate.  In  the  beginning*  that  **  the  Sen* 
tenets  on  the  lleaiU  of  tlie  Monthly  Pagt^a  are  moatly  borrowed/* 

Among  the  moat  noteworthy  are  the  tbllowlng  : 

**  Prom  the  flrat  Hour  of  the  Day  (or  one  in  the  morning  inclualre)  UU 
«ix  B  goiHl  predominates,  whence  morning  aleep  becomea  ao  aweet  aitd 
pleaaant^  fW>m  thence  to  Nix^n,  Choler,  AftenuH>n,  Phlegm,  !h>m  Uie  Be« 
ginning  of  the  Night  till  Midnight,  Melancholy,** 

**  Near  to  dt«  Omer*a  In  Flandora  ia  a  large  Lake  in  which  are  dlvexa  fli^t« 
ing  lalanda,  moat  of  them  Inhabited ,  In  one  of  them  la  a  Church  with  a 
Monaatery,** 

*•  In  the  Year  1376  the  Countesa  of  Heneberg  Daughter  to  Florent  the 
4tlx  £arl  of  Holland,  had  at  one  Birth  a05  Children,  all  baptixed  by  Don 
William  autfVagan  Blahop  of  Trevea,  in  two  Bnuion  Diahea,  in  the  Village 
c^fLoWeen/* 

Who  can  relViae  credence  to  a  fi^ct  ao  clrcumatantlally  aet  fbrth  ? 

Taylor*a  Almanac  for  17^  waa  laauetl  by  the  aame  **  Andrew  Bradford 
at  the  aign  of  the  Bible  in  StHxmd  Street/* 

At  the  heiul  each  of  the  twelve  pages  of  the  almanac  on  which  the  calcu  • 
latlona  (br  the  montha  are  aet  fbrth  U  a  piece  of  )XHHryi  and  toward  the  end 
of  the  volume  occura  a  remarkable  piece  of  rhyme,  entitled  A  Cronology, 
aettlng  (brth  varloua  odd  occurrencea. 


In  Taylor's  Almanac  for  17d8  we  find  the  following  poem : 

**  Full  Forty  yeart  have  now  their  changes  made, 
Slnoe  Uie  foundation  of  this  town  was  laid. 
When  Jove  and  Saturn  were  In  Leo  Joined ; 
They  saw  the  survey  of  the  place  designed; 
Swift  were  those  planets,  and  the  world  will  own 
Swift  was  the  progress  of  the  rising  town. 
The  Lion  Is  an  active  Regal  sign, 
And  Sol  heheld  the  two  superiors  Join, 
A  city  hunt  with  such  Propitious  rays, 
Win  stand  to  see  old  Walls  and  happy  days,'* 

In  Taylor's  Almanac  for  1787  occurs  the  following  ; 

Take  half  an  Ounce  of  Rainbows  fird  to  dust. 
Three  grains  of  Party-Papers  true  and  Just, 
One  grain  of  liatyrs,  candid,  Just  and  fit. 
Without  Illnature,  cant  or  devMsh  wit; 
Mix  these  with  Art  to  make  the  sovereign  Pills, 
That  cured  Train  of  Epidemic  Ills, 

In  the  MSS  is  written  in  an  old  hand  on  the  page  for  December,  '*  The 
7th  near  11  at  night  a  shock  of  an  earthquake  generally  felt  through  the 
Province  but  no  damage  as  I've  heard  of." 

In  Taylor's  Almanac  for  1788  occurs  the  fbllowlng  poetical  description 
of  the  Province  of  Pennsylvania : 

**In  this  new  world,  so  lately  here  hegun, 

A  thousand  miles  our  King's  dominions  run ; 

Ahout  the  centre  lies  well  known  to  fame 

The  Silvan  shade  that  hears  the  Land  Lord's  name. 

A  fruitful  soil  with  gifts  of  nature  blest. 

Improved  by  culture  swifter  than  the  rest. 

Like  Palestine  a  land  of  good  repute, 

For  wheat  and  barley,  honey,  milk  and  fTult. 

Here  not  In  vain  the  Master's  skllfal  hand 

Manures  the  glebe,  and  cultivates  the  land : 

The  ground  producing  ev'ry  sort  of  grain, 

Pomarlous  profit,  and  the  hortenslan  gain. 

Except  not  Rice,  some  by  experience  know, 

ThiU  usef^il  grain  will  here  In  plenty  grow. 

In  wool  and  flax  the  Province  will  be  made 

Too  rich  In  time  to  call  for  foreign  aid. 

And  usef^il  Hemp,  Its  sorvlco  to  declare. 

Four  Clerks  would  lail,  AccountAntA  all  despair. 

Its  maglo-vlrtue  In  a  skillful  hand, 

Preserves  the  substance  of  a  prudent  land ; 

Who  can  at  large  Its  various  uses  tellt 

What  Clouds  of  Canvtuis  on  the  Ocean  swell ! 

Th'  extensive  use  of  Cordage  to  declare, 

The  I^abour  might  with  JPtiny'9  works  compare. 

I  only  touch  the  profits  of  the  field ; 

And  leave  the  Task  for  stronger  hands  to  wield. 

And  now  my  wild  unbounded  fancy  roves 

In  that  vast  region  of  the  trees  and  groves; 

But,  lest  therein,  I  scarce  pretend  to  know 

What  sorts  of  Ot\k  In  this  great  fbrest  grow; 

As  many  kinds,  some  say,  a«  metals  ly 

Beneath  the  ground,  or  Planets  In  the  sky, 
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The  ohOKtnut  tree  (V>r  various  uaes  froml, 

ThouKh  soft  and  tender  yet  a  histlufc  wood; 

Whore  numerous  rhentnuts  shade  the  fertile  ground, 

Oood  fence  with  ease  may  spacious  Holds  surround. 

As  for  the  nuts,  they  may  with  acorns  Join, 

A  noble  mast  for  saglnatlng  swine. 

The  cedar,  spruce  and  cypress  here  are  seen. 

The  pine  and  laurel,  these  are  very  ffreen. 

The  ash,  the  beooh,  the  maple  ohlotly  Rrow 

Dy  streams  of  waters  and  In  vaUles  low. 

The  sable  walnut,  and  the  locust  strtmg 

Orow  here  In  groves,  and  wrestle  In  the  throng. 

The  poplar's  lofty  head  the  clouds  Invades, 

The  spreading  boughs  defusing  lovely  shades. 

The  flr-troe  may  the  lofty  mountain  grace 

And  pInoA  In  gardens  man  for  beauty  place; 

But,  while  the  verdure  leaves,  In  none  you  see, 

A  nobler  prospect  than  the  }>opler  tree. 

Here  liquid  Hugar  drops  from  wounded  trees. 

And  aspen  groves  Invite  the  gentle  breece. 

And  now  behold  the  lofty  hills  arise. 

That  bear  the  arches  of  th'  Impending  skies, 

Observe  the  rivals,  and  decide  between 

(Vlestlal  asure  and  the  mountan  green. 

Heboid  the  groves,  consider  well  the  skle. 

And  say  wherein  the  greater  beauties  ly. 

Which  most  the  Mind  with  Joy  and  wonder  fills, 

The  sky-blue  curtain,  or  the  verdant  hills. 

When  IsraePs  sons  were  led  by  Moses*  hand, 

Who  told  the  glories  of  the  holy  land. 

Melodious  Themes  the  sacred  Leader  sings, 

Of  hills  and  vallles,  fountains,  brooks  and  springs. 

What  grov*llng  8oul  with  patience  can  sustain 

The  dull  flat  proxpeet  of  a  constant  plain ; 

And  ne*er  refieot  what  precious  treasure  fills 

These  aneierU  monntaina  and  the  laating  hUU,    DeuU  33, 15 

No  dreams  of  gold  or  views  of  argent  veins 

T*  Involve  the  land  In  war,  the  poi^r  In  chains, 

I  sing  the  treasure  now  before  your  Kyos, 

The  growing  profit  and  the  solid  prise. 

The  welUknow  metal  of  a  general  use. 

In  copious  stores  the  bounteous  hills  produce; 

The  neighboring  groves,  the  trees,  as  plenty  grow. 

To  melt  the  ore  and  make  the  metal  fiow. 

The  world's  last  age  may  terminate  the  store 

Of  trees  above,  and  under  ground  the  ot\r. 

To  know  what  profit  may  troin  thence  be  made 

Ask  not  the  stars,  nor  seek  a  Python's  aid; 

As  when  you  see  the  rising  Tyde  begin. 

And  (Vom  the  Ocean  fiouds  come  rolling  In, 

It  n)oves  no  wonder,  gives  you  no  surprise. 

The  swelling  water  will  by  nature  rise. 

Ho  when  a  hundred  kilns  and  forges  glow, 

A  thousand  streams  of  melted  metal  fiow. 

Not  the  possessors  of  the  Mines  alone 

Will  hoard  the  gain  and  make  It  all  their  own. 

The  tnide  and  profit,  circling  like  the  blood. 

Will  then  become  a  universal  good. 
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Thts  most  pecaliMr  blessing  rarely  Ihlls, 

The  happy  land  adorned  with  hills  and  vales. 

Th«)  crystal  springs  that  wash  the  mounU\ln's  side, 

Start  from  the  hills  and  through  the  vnlleys  glide, 

Collect  their  force  firom  single  drops  begun, 

Unite  their  streams,  enlarging  as  they  run ; 

From  brook  to  brook  discharge  the  liquid  store, 

Tin  ample  Rivers  In  procession  roar. 

Where  these  abound  who  can  the  blessing  tell 

Which  all  enjoy  and  few  consider  well. 

Upon  the  horrid  Aelds  of  driving  sand, 

Betwixt  NHme(^ia  and  the  Negro's  land, 

A  merchant's  tomb  his  monument  remains 

Who  dy'd  of  thirst  upon  the  sooivhlng  plain: 

A  greedy  carrier,  fond  of  sacred  gold, 

A  draught  of  wntor  to  the  merchant  sold. 

Ten  thousand  Ducats  was  the  price  it  cost, 

60  dear  he  paid  his  dearer  lite  he  lost« 

Who  can  behold  the  springs  and  purling  rills 

In  sweet  Meanders  gliding  down  the  hills, 

And  not  remember  these  unhappy  plains. 

Where  horror  dwells  and  death  forever  reigns  t 

In  Jane  is  written  in  an  old  liand  **y*  Governour  arrived  y*  !•*  day,*' 

In  August  of  tliis  year  ; 

J/Hi^fU9t9t  things  ttx»  taUi  asOft^ 
A  woman  destitute  ^f  Pi'icto, 
Bohea  and  Green  u*r»t<ia  tcarcefjt  ateifr 
l\t*etvt  thousand  mites  to  find  us  here* 

Taylor  for  1741  is  filled  with  quotations  from  Paradise  Lost. 

Tas^lfn^'s  Altnanae  for  1748  was  * '  printed  and  sold  by  Isaiah  Warkbr 
almost  opi)08ite  to  Charles  Brockdbn's,  in  Chemut'Strt^t;  **  and  contains 

•*  The  Indian  Propheeif. 

"  An  Indian  of  this  Province  looking  at  tho  great  Comet  Anno  1680,  be- 
ing asked  what  he  thouglit  wns  the  Meaning  of  that  prodigious  Appearance, 
his  answer  was,  '*Jl  9ignifi6»  that  we  IndMnB  shall  fMlt  away  and  thiscountfy 
b$  inhabiUd  by  another  sort  of  People. ' '  Tliis  Preiiict  ion  tlie  Indian  delivered 
very  grave  and  positive,  to  a  Dutchman  of  good  Reputation,  living  there  and 
many  Yeare  since  near  Chester,  on  Delaware,  who  related  tho  same  punc- 
tually to  an  EnglishifMn^  now  living,  whose  Voracity,  I  think,  is  never  ques- 
tioned,** The  cliain  of  evidence  here  is  certainly  very  remarkable,  but 
cannot  be  called  conclusive.  In  the  same  Almanac  at  the  end  of  an  article 
on  Politics  occurs  these  words  :  *•  fVom  us  to  tlie  river  SU  Laurence^  we 
know  the  space  too  well.  I  could  wish  that  his  most  Christian  Majesty 
had,  in  lieu  of  that,  a  Country  ten  times  better,  and  a  thousand  times  the 
distance.** 

Taylor*s  Almanac  for  1744,  was  **  Printed  and  sold  by  I.  Warner  and 
C.  Bradford  at  the  sign  of  tho  BrBLB  in  Fi*ont-Street,** 

The  whole  collection,  filled  with  quaint  and  curious  matter  of  which  the 
foregoing  is  a  fair  specimen,  is  well  worthy  of  attention  as  an  example  of 
early  printing  in  Pennsylvania.  The  orthography  is  extremely  unsettled, 
and  the  grammar  equally  uncertain. 
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Statist  Mcetihgy  J/cfirA  4, 1881* 

Prosout^  18  luembors. 
President,  Mr.  Fralst,  iu  the  Chair. 

Mr.  Ames  and  Dr.  "WurtK^now  memhoi^^  wei*e  introduced 
to  the  predidiniQC  ofHcer  and  took  their  seats. 

A  letter  acknowloil^ing  reiH>ipt  of  Diploma  was  received 
from  Prv>f,  James  Qeikie,  dateil  Perth,  lSoi>tland>  July  14, 
188L 

The  thanks  of  the  American  Institute  of  Mining  Engi* 
neers  for  the  use  of  the  Hall  ^raa  received. 

The  request  for  oorros|K>ndence  of  the  Vermont  Ilistoriciil 
Soi^iety  was  read  and  agreed  to. 

Letters  of  envoy  and  acknowleilgment  were  read. 

l>onations  for  the  Librtiry  wei>&  received  from  the  Aouie- 
mies  at  St.  Petei^burgh,  Berlin,  Vieniui,  Rome  and  Dublin; 
the  Societies  at  Konigsburg  Dresilen,  llalle  and  Giessen ; 
the  Geologiail  StxMcty  at  Berlin ;  the  GiH>logical  Interna- 
tional  Commission,  I^ausanne;  the  Wiirtemberg  Land  History 
Six?iety  at  St utgart ;  the  ZtH>logischer  Anaeiger ;  the  Zoological 
Garden  at  Frankford ;  the Revista  Euskara  at  Pamplona;  the 
the  Bureau  of  Statistics  at  Brussels;  the  Paris  Geographictd 
Society*  Polytechnic  Schoi>l  and  Political  Review  ;  the  Geo* 
gmphicAl  0<>mmert*ial  Society  at  Boixleuux ;  the  Institute  for 
Etirth  Mt\gnctism  at  Vienna ;  the  Royal  StMjiety,  London ; 
the  Greenwich  Obser\n\tory,  the  Adelaide  Observatory,  the 
Metei>rologici\l  Si>ciety,  the  Royal  Gei>graphictU  Society,  the 
Gei^logiail  Sixnety,  the  Linnean  SvK^iety,  the  Zoological 
Sixnety,  the  Royal  Asiatic  Society  and  the  St>ciety  of  Arts, 
London ;  the  Riulclitf  Ol>servatory  at  Oxfinxl ;  R.  C\>rn- 
wall  Polytei^hnic  Society;  the  Philosophical  and  Litemry 
Scvietv,  Leeds;  and  Mr.  James  Henrv  of  Dublin. 

Mr.  Lesley  read  a  jiat>er  entitknl  **  Notes  on  the  meaning 
of  the  wonl  iW)ivir^%  and  on  Egyptian  names  of  Hebrew 
kings.*' 

Pending  nominations  Nos.  927  to  931,  and  new  nomi* 
nation  No.  932  were  rettd. 

And  the  meeting  was  aiyourneil. 
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Stated  Meeting^  March  18,  1881. 

Present,  18  members. 

President,  Mr.  Fralbt,  in  the  Chair. 

The  resignation  of  Dr.  0.  J.  Still6,  dated  February  17, 
1881,  was  received  and  accepted. 

A  letter  of  thanks  for  the  gift  of  a  copy  in  oil  of  the  por- 
trait of  Michaux,  was  received  from  the  Commissionera  of 
the  Fairmount  Park,  dated  March  12, 1881. 

A  letter  requesting  the  deposit  of  historical  documents  in 
the  hall  of  the  Historical  Society  of  Pennsylvania  was  referred 
to  the  Library  Committee,  the  Librarian  and  Dr.  Horn,  to 
report. 

Letters  of  acknowledgment  were  received  from  the  Lon- 
don Statistical  Society  (106  and  List) ;  the  Society  of  Anti- 
quaries (106) ;  New  Bedford  Library  (107) ;  and  the  Cincin- 
nati Observatory  (107). 

Letters  of  envoy  were  received  from  the  Geological  Sur- 
vey of  India,  July,  1880  ;  the  Austrian  Academy,  Aug.  25 ; 
Prof.  W.  F.  Hewitt,  Ithaca,  March  16 ;  and  the  U.  S.  Coast 
and  Geodetic  Survey,  March  16, 1881. 

Donations  for  the  Library  were  received  from  the  Geo- 
logical Survey  of  India ;  the  Academies  at  Turin,  Rome, 
Modena,  Copenhagen  and  Brussels  ;  the  Turin  Observatory ; 
the  Institutes  at  Milan  and  Venice;  Prof.  Gio. Capellini, 
Bologna ;  the  Geological  Commission  at  Florence  ;  the  Goo- 
graphical  Societies  at  Paris  and  Bordeaux;  the  Flora 
Batava;  the  British  Topographical  Society;  London  Na- 
ture ;  the  American  Statistical  Association  ;  Mr.  Samuel 
Scudder;  Museum  C.  Z.  Cambridge;  New  Bedford  Library  ; 
Dr.  Goo.  W.  Ilawos ;  American  Journal  A.  and  S. ;  New 
York  Academy  of  Sciences,  State  Museum,  and  Prof.  Jas. 
Hall ;  Prof.  W.  T.  Hewott,  Ithaca ;  Buffalo  Nat.  itist.  So- 
ciety ;  Trenton  Experimental  Station ;  Franklin  Institute, 
Num.  and  Antiq.  Society,  Journal  of  Pharmacy,  Medical 
News,  Mr.  Reuben  Haines  and  Mr.  II.  Phillips,  Jr.,  Philadel- 
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phUi ;  Gov*  Iloyt ;  U,  S.  N,  Observatory ;  U.  S.  C.  ami  CK 
Survoy ;  Mn  Joii.  Ilotohkiss,  Staunton^  Va* ;  San  Franc* 
Mor»  AssiKMation;  Min,  do  Fom,  and  M.  M,  B^vrcona, 
Aloxioo. 

The  death  of  Pr,  John  J.  Bijr^by  was  announcod  by  tho 
Soorotary,  with  remarks  on  his  etirly  connootion  with  gtH>- 
logical  oxplon\tion  in  America^ 

Tho  death  of  rn>f,  John  Johnston,  at  Middlobury,  Con* 
nootiont,  in  1879,  was  rejHirtoih 

A  memoir  On  tho  Preglaoial  drainage  of  Lake  Erie  and 
the  other  groat  hiktv*,  by  Dr.  J,  W,  Si>oneor,  was  re<\d  and 
illustrateil  by  tho  Soeivtary. 

A  i>5ijH*r  on  "A  Oet>logical  Section  at  St.  Mary  s,  in  Elk 
County,  Pa.,'*  was  read  by  Mr.  Ashburner. 

Pending  nominations,  Nos*  9:i7  to  03i,  and  now  nomina* 
tion,  Na  933,  wore  read. 

And  tho  miH^ting  was  adjournoil. 


PL^^r^rjf  *{f  tht  Pt^yUuhtl  OutM  ^fth$Iia$fi^  t\f  f^tk4  Kn4  inh  that  i^f 
/.♦»*•  f>wMnV»;  wiVA  A<»lw  on  fh^  ()r*iV«»  o/otir  f*t>Myr  (^ivttl  I^tke*.  B$ 
J.  W.  ^J|H*H<yr,  B.  A.  »c^.,  i*A,R»  F,ihS.,  Km^*$  Colh^^,  Windmr,  JS\  A 

{BMtl  Ihifon  th^  Amtru^itfi  rAi7t^.7»AiV«if  SiKuttff,  Mar^h  18.  1S81.) 

SniiiAKT. 

The  object  of  Ihia  i>a|M!*r  la  to  brlnjf  iMofore  the  wientiflc  world  the  Mlow* 
in^  olKtervHtlons^  Itearlng  on  the  Pregl»ciAl  DnUnage  aud  orljs^lii  of  our 
Great  Ijuke  lU^us : 

1.  The  Nlajtam  eecArpment,  after  $klrtln$t  the  southern  »hore$  of  Lake 
Ontario^  IhmuIs  at  nearly  ri^ffht  angles  In  the  neighhorluHxl  of  HauxUton,  at 
the  western  end  of  the  lake ;  theiuH>  the  trend  Is  north  want  to  I<ake  llurvm. 
At  the  extreme  western  e^id  of  Ute  lake  this  escarpment  (at  a  heijtht  of 
alKHit  500  ft»et)  encUwcs  a  valley  gradually  narn>\vlng  to  ftmr  mlU»s»  at  tho 
meridian  of  the  western  |>art  of  the  city  of  Hamilton,  whore  it  suddenly 
closes  to  a  width  of  a  little  more  than  two  mlles»  to  form  the  cAstern  end 
of  the  I>undtv»  valley  (prvnver)*  This  viilley  has  its  two  sides  nearl^v  |>araU 
leK  and  is  tmunded  by  vertical  escar|nnents,  which  are  Ciipinni  with  a  gr^^at 
Uiickm^ss  of  Niagara  limestone^  but  having  the  lower  IhhIs  of  the  slo|)es 
ctmi)x>stHl  of  Meilina  shales*  On  Its  northern  side  the  escarpment  extends 
lor  six  miles  to  Copetow^n ;  but  weslwanl  of  this  village  it  is  c^wcixkI  with 
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drift,  but  it  is  not  absent  On  its  southern  side  the  steep  sloi^es  extend  fbr 
less  than  four  nulcs  to  Ancaster,  where  they  abruptly  end  in  a  great  de- 
posit of  drift,  which  there  fills  the  valley  to  near  its  summit,  but  which  is 
l^artly  re-excavated  by  the  modern  streams*  forming  gorges  from  two  to 
tliree  hundred  feet  deep.  To  the  north-eastward  of  Ancaster  tliese  gorges 
are  cut  down  through  the  drift  to  nearly  the  present  lake  level. 

Westward  of  Ancaster,  a  basin  occupying  a  hundred  square  miles»  where 
the  drift  is  fbund  to  a  great  depth,  forms  the  western  extension  of  the 
Bundtis  valley.  With  the  north<western  and  western  portions  of  this  drift- 
filled  area  the  upper  portion  of  the  Grand  river  and  Nelth's  creek  were 
formerly  connected.  The  Grand  river«  fVom  Brantford  to  Seneca,  runs 
near  the  southern  boundary  of  this  basin,  then  it  enters  its  old  valky,  which 
extends  from  Seneca  to  Cayuga,  with  a  breadtli  of  two  miles,  and  a  depth, 
in  modorn  times,  of  seventy -five  feet,  having  its  bed  but  a  f)9W  feet  alK>ve 
the  surface  of  Lake  Erie.  Near  Cayuga,  tlie  deepest  portion  of  the  river- 
bed is  below  the  level  of  Lake  Erie. 

2.  The  Dundas  valley  and  the  country  westward  form  a  portion  of  a 
great  rie^r  eallejft  filled  with  drift  Along  and  near  its  present  southern 
margin  this  drift  has  been  penetrated  to  d27  feet  below  tlie  surface  of  Lake 
Onttirio,  thus  producing  a  canon  with  a  lateral  depth  of  743  feet,  but  with 
a  computed  depth,  in  the  middle  of  its  course,  of  about  1000  feet. 

8.  The  Grand  river,  at  four  miles  south  of  Gait,  has,  since  the  Ice  Ago, 
left  its  ancient  bed,  which  formerly  connected  with  that  of  the  Dundas 
valley,  as  did  also  Neith*s  creek,  at  Paris. 

4.  Lake  Erie  emptied  by  a  buried  channel  a  few  miles  westwanl  of  the 
present  mouth  of  the  Grand  river,  and  flowed  for  half  a  dozen  miles  to  near 
Cayuga,  where  it  entered  tlie  present  valley,  and  continued  this  channel 
(reversed)  to  a  place  at  a  short  distance  westward  of  Seneca,  whence  it 
turned  into  the  basin  referred  to  above,  receiving  the  upi^er  watera  of  the 
Grand  river  and  Neith*s  creek  as  tributaries,  and  then  emptliHl  into  Liike 
Ontario  by  the  Dundas  valley.  This  channel  was  also  deep  enough  to 
di-aln  Lake  Huron. 

5.  Throughout  nearly  the  whole  length  of  Lake  Ontario,  and  at  no  great 
distance  fh)m  its  southern  shore,  there  is  a  submerged  escarpment  (of  the 
Hudson  River  Formation)  which,  in  magnitude,  is  comi>arable  witli  the 
Niagara  escarpment  itself,  now  skirting  tlie  lake  shore.  It  was  along  the 
foot  of  this  escarpment  that  the  river  from  the  Dundas  valley  flowed  (giving 
it  the  present  form)  to  eastward  of  or  near  to  Oswego»  receiving  many 
streams  along  its  course. 

6.  Tlie  western  portion  of  tlie  Lake  Erie  basin,  the  south-western  coun* 
ties  of  Ontario,  and  the  southern  ix>rtion  of  the  basin  of  Lake  Huron 
formed  one  Preglacial  plane,  which  is  now  covered  with  drift  or  water  (or 
with  both)  to  a  depth  varying  fVom  fifty  to  one  hundred  feet,  excepting  in 
channels  where  the  filling  by  drift  is  very  great.  A  deep  channel  draining 
Lake  Huron  extended  through  this  region,  leaving  tlie  present  lake  near 
the  Au  Sable  river,  and  entering  the  Erie  basin  between  Port  Stanley  anci 
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Vienna,  at  a  depth  near  its  known  margin  of  dOO  feet,  but  at  a  probable 
depth  in  the  centre  sufficiently  great  to  drain  Lake  Huron. 

6.  The  Preglacial  valleys  (now  buried)  of  Ohio  and  Pennsylvania — for 
example ;  the  Cuyahoga,  Mahoning  (reversed),  and  Allegheny  (deflected), 
formed  tributaries  to  the  great  river  flowing  through  the  Erie  basin  and 
the  Dundas  valley. 

7.  The  bays  and  inlets  north  of  Lake  Huron  are  true  fiords  in  character,  '^ 
and  are  of  aqueous  origin. 

8.  The  Great  Lakes  owe  their  existence  to  sub-aSrial  and  fluvtatlle  agen- 
cies, being  old  valleys  of  erosion  of  great  age,  but  with  their  outlets  closed 
by  drift  Glaciers  did  not  excavate  the  lakes  and  had  no  Important  action 
In  bringing  about  the  present  topography  of  the  basins. 

9.  The  old  outlet  of  the  Niagara  river,  by  the  valley  of  St  Davld*s,  was 
probably  an  Interglaclal  channel. 

I.  Introduction. 

Whilst  residing  in  Hamilton,  Ontario  (1877-80),  a  portion  of  my  time 
was  devoted  to  studying  the  geology  of  the  neighborhood.  At  first  It  began 
in  connection  with  Lieut  Cul.  Grants  H.  P.,  Sixteenth  Regiment,  and 
some  other  gentlemen,  in  making  collections  of  fossils ;  as  this  locality 
is  one  of  the  best  for  obtaining  Niagara  Fossils  (and  also  those  of  the  Hud-  ^ 

son  River  Formation  tVom  the  drift  pebbles  In  the  beaches)  In  Canada.  In 
1874,  the  present  writer  published  in  the  Canadian  Naturalist  a  sketch  of 
the  local  geology.  In  1878,  he  laid  the  plan  of  collecting  the  Information 
necessary  for  preparing  an  exhaustive  paper  on  the  Geology  of  the  region 
about  the  Western  End  of  Lake  Ontario.  When  systematic  work  was 
commenced,  the  Information  gained  required  so  much  time  for  Its  study 
that  it  has  long  delayed  the  publication.  A  large  number  of  now  species 
of  Niagara  fossils  (twenty-nine  of  the  Graptolite  fhmlly  alone)  were  ob- 
tained. The  present  state  of  the  work  Is,  that  a  paper  on  the  Palaeozoic 
Geology,  and  another  on  the  Palceontology,  oontaining  descriptions  of 
many  new  fossil  species,  are  ready  for  publication.  A  third  portion,  on  the 
Surface  Geology,  Is  under  way  ;  and  the  investigations  on  this  subject  have, 
step  by  stop,  carried  the  writer  outside  of  his  original  field, — having  as-  ^ 

sumed  an  Importance  never  anticipated  ;  and  have  resulted  In  this  advance 
notice  of  a  few  of  the  most  striking  fiicts  concerning  the  origin  of  our  great 
lakes.  The  completion  of  the  work  will  be  flirthor  delayed  until  oppor- 
tunity will  have  been  afforded  to  study  some  questionable  points,  espo- 
clally  such  as  relate  to  the  drift  deposits  of  the  region,  and  others  hav- 
ing a  broader  bearing  on  the  physical  geography  of  the  lake  regions  In  Pre- 
glacial times. 

In  tlie  present  paper,  all  discussion  relating  to  the  vexed  glacial  hypothe* 
sis  Is  scrupulously  avoided,  except  those  questions  bearing  on  a  true  expla- 
nation of  the  origin  of  our  great  lakes. 

In  the  study  of  the  surface  geology,  the  first  great  question  that  pre- 
sented itself  was,  **  What  is  the  origin  of  my  native  valley,  Dundos  V  *    The 


1881.1  303  [Spencer. 

possibility  of  Lake  Erie  flowing  down  through  the  Dundns  valley  (tlioagh 
it  suggested  itself)  did  not  seem  probable,  owing  to  the  high  lands  between 
the  two  great  lakes*  However,  in  tlie  Canadian  Naturalist,  1^74,  I  re- 
ferred  to  it  as  having  been  produced  by  a  '* mighty  river.**  This  was  like 
one  of  those  gratuitous  hypotheses  that  are  common,  now-a-days,  for 
attributing  to  a  continental  ice  sheet  most  of  the  causes  of  the  present  phys- 
ical  features  of  tlie  continent,  which  do  not  readily  explain  themselves.  Sub* 
sequently,  Mr.  George  J.  Hlnde  refers  to  it  as  having  been  scooped  out  by  a 
glacier.  This  assertion  will  be  found  in  the  sequel  to  be  a  perfectly  un- 
tenable  hypothesis.  Certainly,  the  origin  of  the  valley  was  obscure,  yet  it 
showed  that  the  excavation  of  a  oan^Hof  such  magnitude  required  a  pro- 
portionately great  agent;  and  no  present  stream  would  account  for  even  a 
small  portion  of  the  excavation.  However,  in  this  paper  it  will  be  seen  that 
its  existence  was  unquestionably  occasioned  by  tJie  action  of  a  mighty 
river,  as  originally  suggested.  This  outlet  of  Lake  Erie  also  perfectly  ac- 
cords with,  and  accounts  for  the  preglacial  drainage  of  Pennsylvania,  as 
made  known  at  the  close  of  last  year  by  Mr.  Carll,'  of  the  Geological  Sur- 
vey of  that  State. 

11.  Topooraput  of  tkb  Rbgiok  about  thb  Wsstbrk  End  of  Lakb 

Ontario. 

Th4  I^iagara  Eicarpment. — This  range  of  hills  commences  its  course  in 
Central  New  York,  and  extends  westward,  at  no  great  distance  south  of  Lake 
Ontario.  It  enters  Canada  at  Quoenston  Heights,  and  thence  its  trend  is 
to  tlie  western  end  of  the  lake,  where,  near  Hamilton,  it  turns  northward 
and  extends  to  Cabot's  head  and  Malntoulin  Island.  Everywhere  in  Canada, 
south  of  Lake  Ontarioi  It  has  an  abrupt  fkll  looking  towards  tlie  nortliward  ; 
but  at  Thorold  and  other  places  to  the  eastward  Its  bow  is  more  broken  than 
at  Grimsby,  and  westward.  At  Hamilton,  the  brow  of  the  escarpment  varies 
ftom  888  to  896  feet  above  Lake  Ontario.*  About  five  miles  east  of  Ham- 
ilton, the  escar|>ment  makes  an  abrupt  bend  enclosing  a  triangular  valley, 
down  which  Rosseaux  creek,  and  other  streams  now  flow.  This  valley  Is 
about  two  miles  wide  at  its  moutli,  and  has  a  length  of  about  the  same 
distance. 

About  five  miles  westward  of  Hamilton,  the  Niagara  escarpment  be. 
comes  covered  with  the  drift  deposits  of  a  broken  country,  or  rather  ends 
abruptly  In  the  drill  of  the  region.  Above  the  range,  the  country  gradually 
rises  to  the  divide  between  Lake  Ontario  and  the  Grand  river,  or  Lake  Erie, 
without  any  conspicuous  fbatures.  South-eastward  of  Hamilton,  at  a 
point  about  five  miles  ttova  the  brow  of  the  escarpment,  where  the  Ham- 

*  Prof.  Dana  places  the  mean  level  of  Lake  Ontario  at  238.r>  f^et  above  ocean* 
level;  the  Canadian  Geoloffloal  Survey,  at  2)2  f^et;  the  New  York  Central 
Railroad,  at  dlO.H4;  the  Geological  Survey  of  Pennsylvania,  takes  5>3  tsei  as  the 
mean  of  the  results  of  determlnlngr  the  level  of  Lake  £rie ;  the  Welland  canal 
levels  show  Lake  Brio  as  being  320.76  Aset  higher  than  Lake  Ontario;  and  the 
Hamilton  and  North  Western  Hailwny  a  dltt^rencc  of  33!)  fbet,  boUi  of  these  lust 
routes  being  short  lines  with  direct  courses.  Theraibre  the  height  of  Lake 
Ontario  should  be  about  215  feet  above  tbo  sea. 
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ilton  and  North  Western  Railway  reaches  the  summit,  the  altitade  above 
Lake  Ontario  is  493  feet.  At  Carpenter's  quarry,  two  miles  southward  of 
the  "mountain"  brow,  at  the  head  of  James  street^  the  altitude  reaches 
485  feet ;  and  near  Ancaster  the  summit  is  510  feet  above  Lake  Ontario. 
From  eastward  of  Grimsby  (for  twenty  miles)  to  near  Ancaster,  the  es- 
carpment presents  an  abrupt  face  from  150  to  250  feet  below  the  summit 
(having  a  moderate  amount  of  talu9  at  the  base),  thence  it  extends  by  a 
more  or  less  steep  series  of  slopes  to  the  plane,  which  gradually  inclines 
(sometimes  by  a  succession  of  terraces),  to  the  lake  margin. 

On  the  northern  side  of  the  town  of  Dimdas,  the  abrnpt  face  of  the  es- 
carpment looks  southward,  and  extends  four  or  five  miles  westward,  antil 
the  exposure  becomes  covered  by  the  drift  deposits  near  Copetown  station, 
similar  to  the  termination  at  Ancaster  on  the  south  side  of  the  Dundas 
valley,  but  not  by  an  abrupt  ending  as  at  the  latter  locality.  About  two 
miles  east  of  the  G.  W.  Riilway  station,  at  Dundas,  the  trend  of  the  range 
bends  more  to  the  northward,  and  from  this  point  there  is  a  marked  differ- 
ence in  the  configuration  of  the  country  below  the  summit.  The  range, 
after  extending  beyond  Waterdown,  turns  still  more  to  the  northward  and 
passes  near  Milton,  and  Limehouse  station  (on  the  G.  T.  Hallway), 
and  thence  extends  to  Georgian  bay.  The  height  of  Copetown  above  the 
lake  is  502  feet.  On  the  west  side  of  Glen  Spencer  it  is  409  feet,  and  east- 
ward of  the  same  gorge  the  highest  point  is  520  feet  (Niagara  limestone 
coming  within  four  feet  of  the  surface).  At  Waterdown  the  altitude  is 
over  500  feet  (?)  and  at  Limehouse  the  brow  of  the  range  (though  only  the 
lower  beds  of  the  Niagara  limestones  occur)  is  810  feet.  The  features  of 
the  surface  of  the  country  above  the  highlands  north  of  Dundas  are  much 
more  varied  than  south  of  the  Dundas  valley.  As  the  trend  of  the  es- 
carpment turns  northward  around  the  end  of  the  lake,  the  face  of  the  slope 
looks  towards  the  eastward.  But  the  country  does  not  present  the  steep 
declivities  as  exhibited  along  the  southern  side  of  Lake  Ontario  ;  for  the 
vertical  face  is  usually  less  than  100  feet,  and  the  country  between  it  and 
the  water  has  a  more  uniform  pitch. 

Basin  of  Lake  Ontario.  As  is  well  known,  Lake  Ontario  consists  of  a 
broad,  shallow  (considering  its  size)  basin,  excavated  on  the  southern 
margin  out  of  the  Medina  shales,  and  having  its  southern  shores  from  one 
to  several  miles  from  the  foot  of  the  Niagara  escarpment.  The  Medina 
shales  form  the  western  margin  (where  not  covered  with  drift)  to  a  point 
near  Oakville,  From  this  town  to  a  point  some  distance  eastward  of  Toronto, 
the  hard  rocks  are  made  up  of  the  different  beds  of  Hudson  River  Epoch ; 
while  the  soft  Utica  shales  occupies  the  middle  iwrtion,  and  the  Trenton 
limestones  the  portion  of  the  Province  towards  the  eastern  end  of  the 

lake. 

The  country  at  the  western  end  of  the  lake  consists  of  slopes  gently  rising 
to  the  foot  of  the  Niagara  escarpment,  noticed  before.  Sometimes  this  ele- 
vation is  by  terraces,  and  again  by  inclines  so  gentle,  as  between  the  foot  of 
the  escarpment  at  Limehouse  (on  the  G.  T.  Railway)  and  the  lake,  where 
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the  difTeroQco  of  altitude  above  the  water  is  more  than  700  feet,  without 
any  very  ronspicmtus  features. 

At  the  western  end  of  the  lake,  the  two  shores  converge  at  an  acute 
angle.  At  about  five  miles  (Vom  the  apex  of  this  angle  is  the  low  Burling- 
ton beach,  thrown  across  the  waters  in  a  slighUy  curved  line,  whicli  forms 
tlie  western  end  of  the  o|)en  lake.  Burlington  lake,  thus  formed,  is 
connected  with  the  open  lake  by  a  canal  of  the  same  name,  made 
where  tliore  was  a  former  shallow  opening  between  the  waters  within  and 
without  tlie  beach.  This  beach  is  made  up  of  sand  and  pebbles  (mostly  of 
Hudson  River  Age),  and  is  more  than  four  miles  long,  but  nowliere  is  it  half 
a  mile  wide. 

No  mean  depth  of  Lake  Ontario  can  be  fairly  stated.  For  geological  pur- 
poses it  ln\s  no  moan  depth,  because  it  is  simply  a  long  channel  with  the 
adjacent  low  lands  covered  by  back-water. 

West  of  the  meridian  of  the  Niagara  river  the  lake  is  evidently  filled 
with  more  silt  then  eaatwanl,  as  we  find  that  the  bottom  slo()es  more 
gn\dua11y  towaixls  the  centre,  whore  the  mean  depth  (increasing  from  the 
westward)  of  the  channel  may  he  fairly  placed  at  400  feet  below  the  pres- 
ent surface  of  the  watei-s,  lu  this  section  of  the  lake,  the  average  slope 
fh)m  both  shores  may  be  stated  at  30  feet  in  a  mile.  At  a  short  disUxnco 
east  of  the  7Sth  meridian,  the  cliaractcr  of  the  late  Imttom  changes  in  a 
most  conspicuous  manner.  Here  we  find  a  deeper  channel  which  extends 
for  more  than  ninety  miles,  having  an  avenige  depth  of  about  90  fathoms 
or  540  feet,  with,  In  some  places,  a  trough  of  about  600  feet  depth,  gener- 
ally near  the  soutlieru  margin  of  tlie  00-fathom  channel.  Here  and  there 
is  a  deeper  sounding — the  deepest  being  IdS  fathoms  or  788  feet.  Tlie  long 
channel,  surrounded  by  the  90- fathom  contour  line,  is  situated  at  a  mean 
distance  of  not  less  than  twenty  miles  from  the  Canadian  shore,  whilst  its 
southern  side  approaches  in  some  places  to  within  six  miles  of  the  Amer- 
ican shore,  with  which  it  is  [mrallel.  This  90- fathom  channel  varies  Arom 
three  to  twelve  miles  in  width.  Its  broadest  and  deepest  portion  is  south 
of  the  Canadian  peninsula  of  Prince  Edwards*  County, 

The  mean  slope  of  the  lake  bottom,  firom  the  Canadian  shore  to  this  deep 
channel  just  ivointed  out,  may  be  placed  at  less  than  twenty *five  feet  in  a 
mile,  with  variations  fVt)m  twenty  to  thirty  feet  in  that  distance.  The  mean 
slope  fi'oni  the  New  York  shore  line  to  the  90- fathom  channel  may  bo 
placed  at  sixty  feet  in  a  mile,  but  varying  generally  ftrom  fifty  to  ninety 
feet.  On  examination  we  find  that  the  greater  poition  of  this  sloi>o  belongs 
to  a  belt  which  descends  much  more  rapidly  than  the  otfshoro  depression. 

That  the  southern  side  of  Lake  Ontario  has  a  submergeil  series  of  escari)- 
ments  or  one  moderately  steep  and  of  great  dimensions,  is  manifest  when 
we  come  to  study  the  soundings.  In  fact,  If  the  beil  of  Lake  Ontario  were 
lifted  out  of  the  water,  this  submerged  escarpment  would  l>e  more  con- 
spicuous than  the  greater  iH)rtlou  of  the  present  one,  known  by  the  name 
of  the  Niagara.  In  many  places  the  descent  fh>m  the  table>land  above  the 
Niagtira  escarpment  is  no  more  precipitous  than  the  slopes  of  the  sub- 
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m«>rgrd  Cambit>  SUurian  (lludaon  River.  In  part,  If  not  thnwgliout  the 
entire  lenj^th)  rocks*  with  its  sloping  sammlt»  In  )^rt  crowned  by  a  genliy 
sloping  surlkct*  of  Mtniina  siiaies*  Nearly  nortli  of  the  mouth  of  ttie  Gen- 
esee river  we  And  tliat  within  a  single  mile  the  soundings  vary  (h>m  forty > 
three  U>  seventy-elght  (kthoius  (Itetween  contour  lines).  This  gives  a  sud- 
den descent  in  one  mile  of  910  fbet.  As  the  soundings  are  not  tal^en  con« 
Unuously  to  show  to  the  contrary,  most  of  Uie  change  of  levels  may  tie 
within  a  few  hundred  yards. 

In  the  region  of  these  soundings  the  dee|>est  water  outside  of  tlie  78- 
fhthom  line  is  84  fkthoms.  while  fh>m  the  shore  to  tlie  48  fkthom  sounding 
the  least  distance  is  fbur  and  a  half  miles,  thus  giving  Uie  greatest  mean 
slo|)e  of  the  lake  bottom  at  sixty  i^t  ^^  9l  mile,  befbre  the  escarpment  Is 
reached. 

An  excellent  series  of  soundings  can  be  studied  In  a  line  nearly  north- 
want  ftom  Pultneyville,  N.  Y.: 


O.ti     miles. 

1,0       •• 

1,75 

4.1^ 

A.0 

«.0 


^o 


10,0 
15.0 


<« 
<« 
<« 
«< 
«« 
«« 
«< 


I 


\Pace  of  the 
j  escarpment* 


>tlt  of  Sound  Int. 

Blope  ftnm 
Bound 

tnit. 

49    feet 

79      •* 

60  fbet  per  mile. 

196    •• 

79 

946    •• 

50 

4 

(379    ••     \ 

144 

\589     ••     J 

910 

694    •• 

49 

649     •« 

6 

788    •• 

48 

*«.«• 


From  this  table  It  will  be  seen  that  In  a  distance  of  less  than  two  miles 
the  slo|H)  of  the  escarpment  is  the  difference  between  589  and  946  feet,  or 
886  feet  as  actually  recorded.  At  Hamilton,  the  Niagara  escarpment  is 
only  888  feet  alH>ve  the  lake,  which  Is  two  miles  distant,  whils^t  tlie  present 
slope  at  Thorold  is  spread  over  nearly  tw*ice  that  distance.  That  this  escariv 
ment  is  not  local  is  easily  seen.  For  a  distance  of  over  fhrty  miles.  fh)m 
near  (>»wegt>  weetw*an),  it  plunges  down  800  feet  or  more  in  a  breadth 
var)'ing  fh>m  less  than  two  to  three  miles.  Eastward  and  wcstwanl  of 
this  i^ortiiui  of  Uie  lake  tills  submerged  escarpment  can  be  traced  fer  nearly 
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one  hundred  mileS)  but  with  the  portion  deeper  than  the  TO^fkthom  con- 
tour having  more  gradual  soundings,  as  the  base  of  the  hills  either  origi- 
nally had  a  more  gradual  slope,  or  the  lake  in  Its  western  extension  has 
subsequently  been  filled  with  more  silu 

Although  we  have  not  soundings  made  very  close  together*  yet  the 
admirable  work  of  the  United  8t4ites  Lake  Survey  is  more  than  sufficient  to 
prove  the  existing  of  a  continuous  escarpment  that  has  an  important  bear- 
ing on  tlie  Preglacial  geography  of  the  region,  and  on  the  explanation  of 
the  origin  of  the  Great  Lakes  themselves. 

The  soundings  do  not  show  a  conspicuous  escarpment  after  passing  west- 
ward of  the  meridian  of  Niagara  river,  |>artly  on  account  of  the  sediments 
filling  this  portion  of  the  lake,  and  partly  because  the  lake  in  all  proba- 
bility never  had  its  channel  excavated  to  so  great  a  depth  as  farther  east- 
ward. 

Attention  must  be  called  to  the  fact  that  the  depth  of  the  Niagam  river 
is  l:^  fathoms  near  its  mouth,  but  tliat  the  lake  around  the  outlet  of  the 
river  has  not  a  depth  exceeding  four  fkthoms  with  a  rocky  bottom* 

Another  esairpment  at  the  level  of  Lake  Ontario,  now  buried,  was  dis- 
covered by  the  engineers  of  the  enlargement  of  the  Welland  canal,  accord- 
ing to  Prof.  Clay)K)le  (Can.  Nat.  Vol.  ix,  No.  4).  When  constructing,  No. 
1  lock/ at  Port  Dalhousle,  it  was  found  that  at  its  northern  end,  tliere  was 
an  absence  of  hard  rock  whicli  formed  the  foundation  of  its  southern  end. 
Roils  more  than  40  feet  long  were  pushed  into  the  slimy  earth  without 
meeting  any  hard  rock  bottom.  This  discovery  will  be  noticed  in  'the 
sequel.  ♦ 

Boiin  0f  LoAm  EH^.  The  exceedingly  shallow  basin  of  Lake  Erie  has  its 
bottom  as  near  a  level  plane  as  any  terrestrial  tract  could  l)e.  Its  mean 
depUi,  or  even  maxima  and  minima  depths  fh>m  its  western  end  fbr  more 
than  150  miles,  scarcely  varies  fh>m  13  or  18  (kthoms  for  the  greater  por- 
tion of  its  width.  The  eastern  dO  miles  has  also  a  bed  no  deeper 
than  the  western  portion.  Between  these  two  portions  of  the  lake, 
the  hydrography  shows  an  area  with  twice  this  depth  (the  deev^est 
sounding  being  85  fathoms).  This  deepest  (portion  skirts  Long  Point  (the 
extremity,  a  modern  peninsula  of  lacustrine  origin),  and  has  a  some- 
what transverse  course.  An  ar«a  of  less  than  40  miles  long  has  a  depth 
of  more  than  30  fUthoms.  The  deeper  channel  seems  to  turn  around  Long 
Point,  and  take  a  course  towaixls  Haldemand  oAunty,  in  our  Canadian 
Province,  somewhera  west  of  Maitland.  The  outlet  of  the  lake,  in  the  di- 
rection ol  the  Niagara  river,  has  a  rooky  bottom  (Coniferous  limestone). 

The  study  of  this  lake  at  tlrst  appears  less  prticticable  than  that  of 
Ontario,  but,  when  its  former  outlet  and  its  tributary  rivers  are  described, 
the  writer  trusts  that  he  will  have  made  some  ol)servations,  that  may  help 
to  clear  the  darkness  that  hangs  about  the  history  of  our  intei^estlng  lake 
region,  before  the  advent  of  the  Ice  Age. 

Th4  Dundas  ValUjf  and  ai^aeuM  CtiiloiM.    We  may  consider  that  the 

*  See  Report  of  Chief  Kiitf  lueer  of  a^nAdtsn  CanaU,  ISHO. 
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Daodas  valley  begins  at  the  ''bluff*'  east  of  the  Hamilton  reservoir,  and 
extends  westward,  including  the  location  of  the  city  of  Hamilton  and  the 
Burlington  bay,  at  least  its  western  portion.  With  this  definition,  the 
width  at  the  Burlington  heights  (an  old  lake  terrace  108  feet  above  present 
level  of  the  water)  would  be  less  tlian  five  miles.  At  a  mile  and  half 
westward  of  the  heights,  the  valley  suddenly  becomes  narrowed  (equally 
on  both  sides  of  its  axis  of  direction,  by  the  Niagara  escarpment  making 
two  equal  concave  bends,  on  each  side  of  the  valley,  whence  the  straight 
upper  portion  extends,  the  whole  resembling  the  outline  of  a  thistle  and 
its  stem;,  from  which  place  it  extends  six  miles  westward  to  Copetown,  on 
the  northern  side  ;  and  three  and  a  half  to  Ancaster,  on  its  southern  side. 
The  breadth  between  the  limestone  walls  of  this  valley  varies  somewhat 
from  two  to  two  and  a  half  miles.  The  summit  angles  of  the  limestone 
walls  on  both  sides  are  decided^ly  sharp. 

Dundas  town  is  situated  in  this  valley,  its  centre  having  a  height  of  about 
70  feet  above  Lake  Ontario,  but  its  sides  rise  in  terraces  or  abrupt  hills ; 
and  on  ascending  the  valley,  we  find  that  between  the  escarpments  are 
great  ranges  of  parallel  hills  separated  by  deep  gorges  or  glens,  excavated 
in  the  drift  by  modern  streams.  This  rugged  character  continues  until  the 
summit  of  the  Post  Pliocene  ridges  have  a  height  equal  to  that  of  the  es- 
carpment. As  the  gorges  ascend  towards  the  westward,  they  become 
smaller,  until  at  some  distance  soutli-west  of  Copetown  and  Ancaster,  the 
divide  of  the  present  system  of  drainage  is  reached.  Some  of  these  streams 
have  cut  throngh  the  drift,  so  that  they  have  only  an  altitude  above  the 
lake  (which  is  seven  miles  distant)  of  240  feet,  while  the  tops  of  the  ridges  im- 
mediately in  the  neighborhood  are  not  much  less  than  400  feet  high,  though 
they  themselves  have  been  removed  to  a  depth  of  about  another  hundred 
feet,  for  the  drift  has  filled  the  upper  portion  of  the  valley  to  the  height  of 
500  feet  above  Lake  Ontario.  Even  to  the  very  sources  of  the  streams,  the 
country  resembles  the  rivers  of  our  great  North  Western '  Territories  (or 
those  of  the  Western  States),  cutting  their  way  through  a  deep  drift  at  high 
altitudes,  which  is  not  underlaid  by  harder  rocks,  showing  deep  valleys 
rapidly  increasing  in  size  and  depth,  as  they  are  cleaning  out  the  soft 
material,  and  hurrying  down  to  lower  levels — a  strong  contrast  to  the  fea- 
tures in  most  other  portions  of  our  Province. 

On  the  south  side  of  the  Dundas  valley,  a  few  unimportant  streams,  mostly 
dry  in  summer,  have  worn  back  the  limestone  escarpment,  over  whicli  they 
flow,  to  distances  varying  from  a  few  yards  to  a  few  hundred,  making  glens 
at  whose  head  in  spring  time  some  picturesque  cascades  can  be  seen.  At 
Mount  Albion,  six  miles  east  of  Hamilton,  there  are  two  of  these  larger  gorges, 
whose  waters,  after  passing  over  picturesque  falls,  70  feet  high,  and  through 
glens  several  hundred  yards  in  length,  empty  into  the  triangular  valley 
noticed  before.  On  the  north  side  of  the  Dundas  valley,  besides  small 
gorges  with  their  streams  comparable  to  those  on  the  south  side,  there  are 
several  of  much  larger  dimensions  ;  for  example,  that  at  Waterdown,  six 
miles  north  of  Hamilton.  Still  larger  is  Glen  Spencer  which  has  a  eanon  half 


a  mile  long,  800  fbet  deep  and  between  800  and  800  yards  wide  at  its  mouth. 
At  the  head  of  this  is  S(>encer  Falis,  185  f^t  high,  and  Joining  it  lateraity 
there  is  another  e(tM«>m  witii  a  considerable  stream  flowing  fh)m  Webster's 
Falls,  whicln  however,  is  of  less  height  tiian  the  other.  The  waters  feed- 
ing their  streams  come  fhmi  nortliward  of  the  escarpment,  and  lielong  to 
a  system  of  drainage  difierent  fW>m  tliose  streams  which  flow  down  through 
the  drift^  of  the  Dundas  valley,  and  are  of  much  greater  length.  At  the  foot 
of  Spencer  Fails,  the  waters  strike  the  upper  portion  of  the  Clinton  shaly  beds. 
Tiie  Falls  now  are  two  fbet  deeper  than  twenty  years  aga  Yet  the  stream 
is  small,  and  makes  a  pond  below  in  the  soft  sliales.  But  this  difference  in 
height  does  not  represent  the  rate  of  wearing  or  recession  of  tlie  precipice. 
Tliat  the  stream  is  much  smaller  than  formerly  is  plainly  to  be  seen,  fbr  at 
present  it  has  cut 'a  narrow  channel,  fW>m  ten  to  fifteen  yards  In  width, 
above  tlie  fklls,  and  fVom  fbur  to  six  fe»ot  deep,  on  one  side  of  the  more 
ancient  valley,  whieii  is  about  50  yards  wide  and  80  feet  dee|),  excavated  In 
the  Niagara  dolomites. 

The  surfiices  of  the  escarpment  in  both  sides  of  Glens  Silencer  and 
Webster  present  a  peculiar  aspect.  That  on  Uie  nortli>eastern  side  has  a 
maximum  height  of  5d0  feet  above  the  lake.  On  the  same  side»  a  section 
made  longitudinally  slio>vs  several  broad  shallow  glens  nearly  a  hundred 
feet  deep  crossing  it  and  entering  Glen  Spencer.  The  surfkce  of  tiie 
n)cks  is  glaciated,  but  not  parallel  with  tlie  direction  of  tiie  channels. 
On  the  soutii>western  side  of  the  same  ccinon,  we  find  that  a  portion  of 
the  thin  beds  of  Upper  Niagara  limestone  have  been  removed.  This  ab* 
sence  is  not  general,  fbr  it  soon  regains  its  average  height  of  about  500  feet. 

DuHdfti  iT^irtA.  The  eastern  end  of  the  Dundas  valley  contains  a  large 
swamp,  nearly  three  milt^  long,  with  a  breadth  of  about  threc-fburths  of  a 
mile,  known  in  the  early  settlement  of  the  co.untry  by  tiie  name  of  Coote*s 
Paradise. 

This  marsh  was  formerly  connected  by  a  small  rivulet  with  Burlington 
bay,  but  this  W)»  subsequently  cUised  by  the  G.  W.  lUilway,  when  the 
cutting  of  Desjardin's  canal  through  Burlington  lielghts  was  completed. 
Into  this  marsh  all  the  drainage  of  the  Dundas  valley  is  de|>osited,  causing 
it  to  fill  up  at  the  rate  of  one -tenth  of  a  f^H>t  |>er  annum. 

BufUtigUm  IhighU.  Across  the  eastern  end  of  the  Dundtis  swatnp  and 
some  of  its  brandies, are  the  Burlington  Heights,  varying  fVom  a  fbw  hundreil 
yards  to  nearly  a  quarter  of  a  mile  in  width,  and  over  100  feet  in  height,  which 
have  been  an  old  beach,  at  a  time  when  the  lake  level  whs  at  the  same  eleva- 
tion, (br  we  find  that  a  lake  beach  extends  along  the  flanks  of  the  escarp- 
ment, both  eastward  and  northward  for  a  considerable  distance  at  the  same 
level.  This  is  mentioned  here  as  fl>rming  a  most  conspicuous  terrace, 
and  as  changing  the  physical  character  of  the  western  extremity  of  Bur* 
lington  bay,  and  the  outlet  of  the  Dundas  valley.  Various  terraces  and 
beaches  are  fbund,  both  at  lower  levels,  and  also  fragments  at  higher  alti- 
tudes, or  along  the  side  of  the  **mouut)\in/*  until  sotno  attain  a  iielglit  of 
500  feet  aliove  Lake  Ontario. 
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The  Orand  Biver  VaUey.  The  Qrand  river  of  Ontario  riaes  in  the 
County  of  Gray,  not  more  than  twenty-flve  miles  from  Georgian  bay. 
Thence  it  flows  southward,  and  at  Elora  the  river  assumes  a  conspicuous 
feature.  Here  it  cuts  tbrougli  the  Guelph  Dolomites  to  a  depth  of  about  80 
feet  and  forms  a  eanon  about  100  feet  in  width  with  vertical  walls.  At  this 
place  it  is  Joined  by  a  nvulet  from  the  west,  which  has  formed  a  tributary 
eanon  similar  to  that  of  the  Grand  river  itself. 

The  country  in  this  region  is  so  flat  that  it  appears  as  a  level  plane. 
Farther  southward  the  river  winds  over  a  broader  bed,  and  at  Gait  the 
present  river  valley  occupies  a  portion  of  a  broad  depression  in  a  country 
indicating  a  former  and  much  more  extensive  valley.  In  fact,  the  old  river 
valley  existed  in  Preglacial  times,  for  the  present  stream  has  re-excavated 
only  a  part  of  its  old  bed  at  Gait,  leaving  on  the  flanks  of  one  of  its  banks 
(both  of  which  are)  composed  of  Guelph  Dolomites,  a  deposit  of  Post  Ter- 
tiary drift,  in  the  form  of  a  bed  of  large  rounded  boulders  mostly  of  Lau- 
rentian  gneisses.  The  country  for  four  miles  south  of  Gait  is  of  similar 
character,  forming  a  broad  valley,  in  which  the  present  river  flows.  At 
this  distance  from  Gait  the  river  takes  a  turn  to  the  south-westward  ;  but 
at  the  same  place,  the  old  valley  appears  to  pass  in  a  nearly  direct  line  with 
the  course  of  the  present  bed  (before  the  modern  turn  is  made  to  the  west' 
ward).  As  this  portion  of  the  valley  now  entered,  has  not  to  any  extent 
been  cleaned  out  by  modern  streams,  it  forms  a  broad  shallow  depression 
in  the  country  extending  for  a  few  miles  in  width.  Yet,  it  is  often  occu- 
pied with  hills  composed  of  stratified  coarse  gravel  belonging  to  that  belt, 
which  extends  from  Owen  Sound  to  the  County  of  Brent,  and  called  by 
the  Canadian  Geological  Survey  "Artemesia  gravel." 

It  is  through  a  portion  of  this  valley  that  the  Fairchild's  creek  flows. 
Many  streams  derive  their  supplies  of  water  from  the  Beverly  swamps, 
which  also  feed  the  Lindsay  creek,  that  empties  over  Webster  falls  and 
flows  down  Glen  Spencer  through  the  Dundas  valley  to  Lake  Ontario. 

The  G.  W.  Railway,  at  four  miles  south  of  Gait,  enters  this  valley  and 
continues  in  it  or  its  branches  as  far  as  Harrisburg,  though  the  deeper  de- 
pression is  near  St.  George  (a  short  distance  west  of  Harrisburg).  After 
leaving  what  I  consider  its  more  ancient  bed.  south  of  Gait  (unless  the 
country  between  the  present  bed  and  Fairchild's  creek  was  an  island),  the 
Grand  river  flows  southward  to  Paris  and  Brantford,  having  a  deep,  broad 
valley.  At  the  latter  place  the  valley  may  fairly  be  placed  at  a  few  miles 
in  width,  while  further  to  the  eastward  the  river  winds  in  an  old  course, 
which  had  formerly  a  width  of  over  four  miles  (see  map).  In  the  region 
of  Brantford  the  valley  is  bounded  by  a  somewhat  elevated  plateau.  At 
Paris,  Neith's  creek  enters  the  Grand  river  from  the  west,  and  has  a  val- 
ley almost  comparable  in  size  with  that  of  the  latter  at  this  town.  At 
Paris,  the  Grand  river  cuts  through  the  plaster-bearing  Onondaga  forma- 
tion. Similar  rocks  appear  at  various  places  along  the  river,  at  places 
where  the  river  has  cleaned  out  a  portion  of  one  side  of  its  ancient  valley. 

At  the  Great  Western  Railway  crossing,  east  of  Paris,  the  bed  of  the 
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rlvor  hfis  an  altitude  of  495  foot  aboyo  Lako  Ontario,  wbilo  at  Brantford  it 
is  410  foet  (tiiis  elevation  may  not  l)e  perfectly  accurate)  above  the  Bame 
datum.  Fn>m  Brantford  the  river  winds  througli  a  bi*oad  valley,  with  a 
general  easterly  direction,  to  Seneca,  wlicro  the  Immediate  bod  is  about 
quarter  of  a  mile  wide,  flowing  at  the  southern  side  of  a  vt\lley,  more  than 
two  miles  wide,  and  75  f^et  below  its  boundaries,  which  are  440  feet  above 
Lake  Ontario  (see  profile  on  subsequent  page).  At  Seneca  the  bed  of  the 
prosent  river-course  Is  801  feet  above  Lake  Ontario,  or  only  87  feet  above 
Lake  Erie.  (The  H.  <&  N.  W.  Railway  levels  give  Lake  Brie  as  828  feet 
alK)ve  Lake  Ontario,  whilst  the  Report  of  the  Chief  Engineer  of  the  Wei- 
land  Canal  states  that  the  difference  of  level  is  826}  feet.  As  these  two 
levels  agree  so  nearly,  and  as  the  other  figures  refer  to  the  railway  levels, 
I  have  followed  them  here.)  Eastward  fhmi  SenecA  the  river  continues  to 
liave  its  broad  valley  as  far  as  Cayuga.  To  near  this  town  the  waters  of 
the  Welland  C4inal  feeder  reach,  at  a  height  of  about  0  (?)  feet  above  Lake 
Erie. 

From  Seneca  to  Cayuga  the  direction  of  the  valley  Is  nearly  south,  but 
at  the  latter  place  it  abruptly  turns  nearly  to  the  eastwartl,  and  in  a  short 
distance  it  i>asses  to  a  flatter  country  and  flows  over  Coniferous  limestone. 
After  a  sluggish  flow,  It  enters  Lake  Erie  (t)as«ing  through  a  marshy 
country)  at  Port  Mattland,  more  than  fifteen  miles  in  a  direct  line  fVom 
Cayuga*  It  must  bo  remembered  that,  from  Seneca  to  Cayuga,  the  valley 
is  broad  and  conspicuous.  At  only  a  short  disUince  south  of  the  river,  at 
Seneca,  the  summit  of  the  country  is  occupied  by  a  gravel  ridge.* 

Returning  to  the  valley  of  Fairchlld's  creek,  we  find  the  stream  princi- 
pally flowing  In  the  former  bed  of  the  Grand  river,  abandoned  a  few  miles 
below  Gait  since  the  Ice  Age.  This  creek  crosses  the  Gi^eat  Western  Rail- 
way at  a  level  of  fifteen  feet  below  the  crossing  of  the  Grand  river,  at  a 
f)»w  miles  to  the  westward.  Again*  the  Fairohlld^s  creek  crosses  the 
Brantford  and  Ilarrisburg  railway  at  an  altitude  of  407  feet  above  Lake 
Ontario,  or  a  little  below  that  of  tiie  Grand  river  at  Brantfbrd,  although  it 
empties  into  It  a  fbw  miles  east  of  the  city  just  named. 

Fairchild's  creek  Is  now  of  moderate  sixo  meandering  through  the  drift 
for  a  width  of  two  miles.    This  drift  is  in  part  strt\tifled  clay.    The  Grand 

•The  Gonoral  Manager  and  Otilef  Knsflnoor  of  tho  air  lino  of  tho  G,  W.  Hull- 
way  have  rocontly  kindly  furnUhod  me  with  a  proAle  of  the  railway  oronMlntr 
oyer  the  Grand  rlvor.  A  similar  A^vor  has  been  kindly  con(H>ded  by  the  Chief 
Kiiglneer  of  the  Ounada  Southern  Hallway.  From  both  of  thene  lln^s  of  IqvoIa 
(about  A  mile  Apart)  wo  Hud  that  the  hard  rook  »H>P<^ar8  In  the  drift  at  h  few  rt*ot 
below  the  bed  of  the  rlvor.  but  at  a  level  below  that  of  tho  Murnioo  of  Lake  Krio. 
Tho  stream,  at  these  plaoex,  ooouples  the  oaNtorn  portion  of  the  valley  about 
two  miles  from  the  northorn  or  north-western  boundary  of  the  valley,  marked 
by  the  contour  lino  of  410  t\»ot  above  Lako  Ontario,  nolloed  south  of  8eneoa,  but 
which  also  occurs  wontward  of  Cayut^a,  near  tho  ffoneral  bend  In  course  of  tho 
river.  On  both  of  these  profiles,  at  about  half  a  mllo  to  the  westward  of  the 
present  site  of  the  river,  a  depression  In  the  drift  ooonrs  to  a  depth  but  little 
Interior  to  that  of  the  present  rlver>bed.  This  appears  to  mark  the  plaoe  where 
the  anolent  channel  loaves  what  Is  now  tlu  modern  direction  of  the  river  for  a 
nearly  direct  line  to  the  Rrlo  basin. 
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river  from  Brantford  eastward,  is  generally  excavated  from  the  drift  deposits, 
although  occasionally  one  side  of  the  valley  shows  rocks  of  Onondaga 
formation,  exposed  by  the  removal  of  the  drift  in  modem  times.  It  is  also 
desirable  to  call  attention  to  the  fact  that  in  the  region  of  Brantford,  much 
of  the  Onondaga  Formation  is  shaly  and  forms  the  surface  country  rock. 
covering  a  broad  belt,  whilst  from  Seneca  eastward,  the  surface  oi  the 
country  is  more  generally  covered  with  Coniferous  limestone. 

Country  between  the  Grand  River  and  Dundas  Valleys.  The  watershed 
between  these  two  present  drainage  systems  is  at  only  a  short  distance  south- 
west of  Copetown,  and  the  distance  in  a  direction  from  the  Fairchild's  to 
the  Dundas  side  of  this  divide  is  less  than  seven  miles,  with  an  average 
altitude  of  less  than  480  feet  (the  same  as  that  of  the  Fairchild's  creek  as  it 
crosses  the  Great  Western  Railway).  The  highest  point  that  I  have 
leveled  is  492  feet  above  Lake  Ontario.  On  receding  westward  from  the 
divide,  the  country  gradually  descends  to  the  Fairchild's  creek,  which,  as 
it  crosses  the  Brantford  and  Harrisburg  Railway,  is  407  above  the  lake.  It 
is  considerably  lower  where  it  enters  the  Qrand  river.  The  region  between 
the  divide  and  the  Grand  river  is  traversed  from  north-west  to  south-east 
by  a  considerable  number  of  streams,  all  with  relatively  large  valleys,  cut 
in  the  drift,  since  the  present  system  of  drainage  was  inaugurated  in -Post 
Glacial  times. 

The  country  from  Jersey ville  (about  465  feet  above  lake)  slopes  gradually 
to  the  Grand  river,  from  six  to  eight  miles  distant  to  the  southward. 

On  examination,  it  may  be  seen  that  the  country  is  too  high  to  permit 
the  Fairchild's  creek  or  Grand  river,  as  they  are  at  present  situated,  to  flow 
over  the  height  of  land  into  the  upper  portion  of  the  Dundas  valley.  As 
referred  to  before,  the  Niagara  limestone  forming  the  summit  of  the  es- 
carpment at  Ancaster  and  eastward  has  a  height  of  about  500  feeL  These 
beds  dip  at  only  about  25  feet  in  a  mile  (to  about  20  degrees  west  of  south) 
and  are  not  generally  covered  by  a  great  thickness  of  drift,  but  in  many 
places  are  exposed  on  or  near  the  surface.  Westward  of  Ancaster  these 
limestones  are  nowhere  to  be  found,  but  the  country  is  only  covered  with 
drift.  At  a  short  distance  west  of  this  village,  we  find  streams  flowing 
north-easterly  and  easterly  with  very  deep  valleys  in  the  drift,  indicating 
the  absence  of  the  floor  of  limestone  to  a  depth  of  over  250  feet  below  the 
surface  of  the  escarpment.  But  on  going  westward  we  find  that  the  streams 
have  not  cut  to  an  equal  depth,  but  still  running  deeply  through  drifX. 
Eventually  we  reach  the  divide,  after  which  we  find  that  other  systems  of 
streams  also  cut  deeply  in  the  drift  running  in  a  south-easterly  direction  to 
join  the  Grand  river ;  but  the  Niagara  limestone  is  absent  from  a  consider- 
able extent  of  country. 

On  the  northern  side  of  the  Dundas  valley  the  escarpment  after  reach- 
ing Copetown  \a  buried  by  the  drift.  Although  the  line  of  huried  clifis 
recedes  somewhat  to  the  northward  of  the  Great  Western  Railway,  yet 
there  are  occasional  exposures,  as  at  Troy  and  other  places  in  Beverly  and 
Flamboro,  where  the  underlying  limestones  come  to  the  surface.     At 
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Harrisbarg  tbe  Umestones  are  known  to  be  absenl  for  a  depth  of  more 
than  Td  feet,  as  shown  in  a  deep  well  in  the  drift. 

In  the  town  of  Paris  one  well  camo  upon  hard  rock  at  10  feet  below  the 
surftice,  whilst  another  at  100  feet  in  deptli,  reached  no  farther  than 
boulder  clay.  This  last  well  must  have  been  in  a  buried  channel  of  Keith's 
creek,  as  outcrops  of  gypsum-hearing  beds  of  the  Onondaga  Formation 
frequently  occur  near  the  summit  of  the  hills.  From  what  has  Just  been 
written,  it  is  easily  seen  that  the  Niagara  limestones  are  absent  fh>m  a  more 
or  less  horisontal  floor  (which  Is  over  500  feet  al)OTe  the  lake,  on  both  the 
northern  and  southern  sides  of  the  Dundas  valley)  which  continues  fh>m 
Dundas  westward  to  near  Harrisburg,  where  it  meets  a  portion  of  the 
Grand  River  valley.  But  almost  immediately  west  of  Anoaster  we  find 
streams  running  northward  at  right  angles  to  the  escarpment,  and  cut> 
ting  through  drift  to  the  depth  of  almost  hundreds  of  feet  In  fiiot,  if  we 
draw  a  line  from  Dundas  to  north^'ard  of  Harrisburg  (a  mile  or  two),  and 
anotlier  from  Ancaster  soutliward  to  the  Grand  river,  we  have  two  limits 
of  a  region  where  the  limestone  floor  has  been  cut  away  from  an  otherwise 
generally  level  region.  The  southern  side  of  this  area  is  the  south* 
em  margin  of  the  Grand  River  valley,  between  Seneca  and  Brantford,  and 
the  western  boundary  Is  composed  of  Onondaga  rocks  east  of  Paris  (which 
IH'rhaps  forms  an  island  of  rocks  buried  more  or  less  in  drift). 

Additional  proofs  may  l)e  cited.  Al)out  a  mile  south  of  Oopetown  a  well 
was  sunk  to  the  depth  of  100  ft^et  before  water  was  obtained.  At  two 
miles  south  east  of  Uie  same  village  there  is  small  pond  only  940  feet  above 
Lake  Ontario,  or  more  than  360  feet  below  the  neighboring  escarpment. 
This  is  in  drift.  Again,  at  a  mile  north  of  Jersey ville,  the  country  has  a 
height  of  465  feet,  with  a  well  in  tlie  surface  soil  to  a  depth  of  40  fbet. 
A  small  rivulet  flows  in  a  valley  a  few  hundred  yards  south  of  the  last 
named  well  which  has  a  bed  485  feet  above  the  lake.  At  about  a  mile  west 
of  Jerseyville,  the  altitude  is  408  feet  with  a  well  6d  fbet  deep.  Again,  at 
about  two  miles  west  of  the  same  village,  near  the  county  line,  the  altitude 
is  460  feet,  with  a  well  57  feet  deep  (the  bottom  being  lower  than  the  Fair- 
cliild*s  creek  more  than  throe  miles  to  the  westward).  About  a  mile  north 
of  the  last  named  station  is  a  ravine  436  feet  with  the  adjacent  hills  forty 
f)Bet  higher,  and  rising  in  a  mile  or  two  to  about  500  feet.  All  tliese  wells 
are  in  the  drift.  From  ex)>osures  near  Ancaster,  it  appears  that  the  un> 
stratified  drift  has  not  an  altitude  of  much  more  than  400  feet.  And  as  we 
know  that  some  of  the^e  sutH»rflcial  beds  are  stratified  clay,  and  over  most 
of  the  country  Just  devscribed  not  a  boulder  is  to  be  seen,  neither  on  the  sur- 
face nor  in  the  material  taken  fhm\  the  greater  portions  of  the  wells,  it  is 
probable  that  the  water  is  only  obtained  on  reaching  the  more  portms 
lK>ulder  clay  below.  It  has  also  lieeu  noticed  that  two  wells,  at  least,  are 
100  feet  deep  before  reaching  water,  tlierefore  we  may  C\irly  place  this  as 
about  the  inferior  limit  of  stratified  superficial  clays.  By  reference  to  the 
accompanying  map,  it  will  h^  seen  tliat  westward  of  the  meridian  of  Ancas- 
ter there  is  an  areti  of  over  100  square  miles,  where  the  Niagara  floor  is 
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known  to  be  removed  everywhere  to  a  depth  of  100  feet,  and  in  its  eaatem 
portion  to  more  than  260  feet,  and  still  nearer  Lake  Ontario  to  a  measured 
depth  of  more  than  200  feet  below  its  waters. 

III.  TorooRAFHT  AND  Hydroorafht  OF  Lakes  Supkbiob,  MicmGAi;, 

HUBON  AUD  St.  GUklR. 

As  the  origin  of  all  onr  great  lakes  is  so  closely  related,  it  will  not  be  out 
of  place  to  describe  briefly  some  of  the  features  of  the  upper  lakes  that  ap- 
pear most  striking.  In  the  present  paper  it  is  only  intended  to  call  atten- 
tion to  some  of  the  existing  physical  features  of  these  great  basins  of  water 
that  appear  to  show  a  relation  which  existed  in  a  more  or  less  common 
origin  of  all  our  lakes.  Though  I  have  frequently  visited  many  localities 
on  these  lakes,  for  this  portion  of  the  present  paper  I  am  particularly  in- 
debted to  General  Comstock,  Superintendent  of  the  IJ.  S.  Lake  Survey, 
who  kindly  furnished  me  with  the  lake  charts. 

Lake  Superior.  This  lake  may  be  described  as  a  large  basin  with  a 
level  or  gently  undulating  bottom  and  steep  margins.  The  mean  depth 
may  be  placed  at  800  feet  below  its  present  surface.  Very  few  soundings 
exceed  900  feet.  Of  these,  one  near  the  centre  of  the  basin  is  954  feet,  and 
another,  not  far  from  Duluth,  is  1026  feet — the  maximum  depth  of  the 
lake,  as  shown  by  the  hydrography. 

The  depth  of  the  lake  at  three  or  four  miles  from  the  shore  is  generally 
as  great  as  in  its  centre ;  in  fact,  it  is  often  deeper  near  the  shore  on  its 
north-western  side.  However,  about  the  Apostle  islands,  between  the  Pic- 
tured rocks  and  St.  Mary's  river,  and  in  some  of  the  bays,  the  waters  are 
shallower  than  in  the  open  lake,  with  their  floors  more  or  less  gradually 
sloping  as  they  recede  from  the  land.  As  is  well  known,  the  lake  is  gener- 
ally surrounded  by  crystalline  or  metamorphic  rocks,  which  rise  from  sev- 
eral hundred  to  even  twelve  or  thirteen  hundred  feet  above  its  surfkoe.  In 
short,  the  near  shore  hydrography  simply  shows  tliat  the  present  sub- 
merged margins  of  the  lake  are  composed  of  the  bases  of  the  same  nidged 
hills  that  surround  it  above  the  water.  The  margin  of  this  mountain- 
bound  basin  forms  a  strong  contrast  with  its  floor,  which,  at  most,  is  only 
a  slightly  undulating  plane,  extending  for  nearly  its  whole  length  and 
often  for  little  less  than  its  breadth,  excepting  in  its  south-eastern  portion 
and  some  other  places  referred  to  above.  In  fact,  the  lake  bottom  is  quite 
as  level  as  most  extensive  planes  which  are  now  subjected  to  sub-aerial 
action. 

That  this  great  plane  is  not  covered  with  any  great  depth  of  drift-deposit 
(excepting  locally)  appears  evident  on  examining  the  character  of  the 
bottom  of  the  lake  in  the  soundings  just  off  Keweenaw  point,  and  those  to 
the  northward.  In  the  various  localities  hard  and  rocky  bottoms  are  alike 
found  in  both  places,  at  the  same  depths,  so  frequently  that  they  canoot 
be  regarded  as  only  rocky  eminences  protruding  through  the  silt  covered 
bottom  which  is  generally  observed. 

The  general  direction  of  the  deepest  channel,  for  more  than  200  miles 
along  the  north-western  margin  of  the  lake,  appears  to  point  to  a  river 
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oonree  in  the  region  of  its  south-western  extremity,  and  the  f^w  deeper 
hoies  to  have  been  produced  l>y  some  receding  cascade  fh>m  tlte  adjacent 
shore  to  which  tliere  appears  to  be  a  transTerse  deep  channel  south  of  the 
mouth  of  Gooseberry  rirer. 

Again,  Prof  N.  H.  Wlnchell  calls  attention  to  the  depression  in  the  low 
country  between  the  Chocolate  river  (east  of  Marquette),  and  Train  bay 
(near  the  Pictured  rocks),  as  the  only  place  where  there  could  have  been 
connection  between  the  basins  of  Lakes  Superior  and  Michtgan.  It  may 
be  remarked  Uiat  some  of  the  deeper  soundings  put  la  towards  this  portion 
of  the  coasti  whilst,  to  the  westward  and  eastward,  the  present  lake  bottom 
slopes  more  gradually.  The  soundings,  however,  that  are  near  the  shore, 
show  a  rocky  bottom,  excepting  north  of  Laughing  Fish  iK>int  (Sable 
river),  and  along  a  narrow  channel  nortli  of  the  mouth  of  Chocolate  river. 
The  lake  is  very  shallow  for  some  distance  westward  of  the  St  Mary's 
river. 

Lok^  Michigan,  This  lake  may  be  said  to  consist  of  a  broad  long  plane, 
the  northern  half  having  a  moan  depth  of  about  600  fbet«  whilst  the 
soundings  in  the  southern  half  are  not  much  more  than  half  that  measure- 
ment The  deei^est  sounding  recorded  is  870  Ibet,  in  the  latitude  of  the 
southern  end  of  Green  Itay.  Throughout  the  whole  length,  the  lake  ap* 
pears  to  be  traversed  by  a  deep  channel,  and  in  the  northern  end  by  more 
than  one.  Although  the  pitch  of  the  l)ottom  IVom  the  shore  line  is  more  or 
less  gradual — ^generally  less  than  40  fbet  in  a  mile  -yet  along  the  eastern 
side  there  is  a  precipitous  escarpment  extending  fbr  a  considerable  distance, 
which  in  one  place  suddenly  descends,  in  a  horizontal  line  of  little  over  a 
mile,  horn  17  to  03  fkthoms,  or  456  feet  and  ineraases  60  feet  more  in  the 
distance  of  another  mile. 

The  conspicuous  channels  in  the  submerged  plane  extend  fkr  northward  to 
near  the  end  of  the  lake.  An  interesting  sounding  east  of  the  mouth  of 
tlie  Manistique  river  shows  a  depth  of  448  f^t,  at  a  distance  of  two  miles 
fh>m  the  shore,  whilst  all  tlie  ac^acent  depths  do  not  exceed  11  fkthoms^ 
This  appears  to  be  a  continuation  of  the  deep  soundings,  ten  miles  to  the 
southward,  but  the  surrounding  lake  bottom  is  covered  with  drift  to  a  groat 
depth,  wherever  the  Niagara  limestones  have  been  removed.  It  is  more 
than  prol)abIe  that  this  great  depth  is  in  a  rock>bound  channel  of  an  ancient 
water  course,  which  elsewhere  has  been  filled  with  drift  It  seems  probt\. 
ble  that  it  was  a  i>ortlon  of  a  burltMl  channel  extending  through  the  valley 
of  the  Manistique  lakes  to  the  depression  in  the  country  south  of  Lake  8u. 
perior,  alluded  to  above,  and  formed  a  Preglacial  connection  between  Uie 
valleys  of  Lakes  Superior  and  Michigan.  Prof  Winchell  regards  the  val- 
ley between  the  two  lakes  ahmg  the  Chocolate  and  White  Pish  rivers  (the 
latter  emptying  into  Little  Bale  De  Noc),  as  indicating  the  ancient  con- 
nection. This  route  seems  less  favorable,  as  both  Little  Hale  de  Ntx)  and 
Green  Imy  are  shallow  compared  with  Lake  Michigan,  for  the  greatest  depth, 
which  is  near  an  outlet  through  Portes  des  Mortes,  is  only  89  fathoms, 
whilst  generally  the  bay  does  not  exceed  100  feet 
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Qreen  bay  is  separated  from  Lake  Michigan  by  a  Niagara  escarpment 
facing  the  westward,  and  rising  two  or  three  hundred  feet  above  the 
waters.  There  appears  not  to  have  been  any  closer  connections  between 
these  two  basins  at  any  previous  time  than  at  present,  excepting  when  the 
waters  were  at  a  higher  level.  We  are  told  that  from  Green  bay  for  400 
miles  to  the  Mississippi  river,  a  broad,  low  depression  occurs  in  the  coun- 
try and  may  have  been  a  former  outlet  for  Lake  Superior.  This  valley  is 
filled  with  drift  even  if  it  ever  had  a  sufficient  depth.* 

Grand  Traverse  bay  has  a  considerable  depth  in  both  of  its  branches, 
especially  in  the  eastern.    Here  we  find  depths  to  612  feet,  whilst  its  north*, 
em  mouth  is  now  filled,  so  that  it  does  not  exceed  120  feet. 

The  north  eastern  portion  of  the  basin  of  Lake  Michigan  has  a  general 
depth  of  less  than  100  feet,  but  with  deeper  channels  running  throu^i^h  it. 
Many  of  the  soundings  about  the  Straits  of  Mackinac  show  a  rocky  bottom 
at  no  great  depths.  The  channel  between  the  10-fathom  contour  margins 
is  not  much  more  than  a  mile  and  a  half  wide,  and  though  generally  shal- 
lower, contains  a  hole  252  feet  deep.  In  proceeding  outward,  the  deepest 
channel  passes  northward  of  Mackinac  island,  having  a  depth  not  exceed- 
ing 216  feet,  and  a  width  of  less  than  a  mile. 

Again,  a  depression  of  the  country  extends  from  near  Chicago,  on  Lake 
Michigan,  towards  the  Mississippi  river,  which,  in  some  places,  is  known 
to  be  filled  with  drift  to  a  depth  of  more  than  200  feet,  according  to  Dr. 
Newberry.  This  is  along  the  Illinois  river,  whose  valley  is  from  two  to 
ten  miles  wide  ;  whose  mouih  is  200  feet  lower  than  Lake  Michigan  ;  and 
whose  upper  streams,  near  Chicago,  are  only  a  few  feet  higher  than  the 
neighboring  lake. 

Lakes  Huron  and  8L  Clair.  Of  these  water  basins  we  can  make  four 
divisions.  The  first  section  may  be  made  to  include  the  shallow  basin 
south  of  a  line  drawn  from  Thunder  bay,  or  Presqu'  lie,  to  Kincardine,  in 
Canada,  and  Lake  St.  Cllair.  The  second  basin  comprises  the  deep  chan- 
nels  of  Lake  Huron,  and  extends  northward  to  the  ManitouUn  islands  and 
the  Indian  peninsula ;  the  third,  the  north  channel  between  the  ManitouUn 
islands  and  the  Huronian  hills,  to  the  northward ;  the  fourth,  Georgian 
bay  proper. 

The  first  of  these  divisions  is  represented  by  shallow  water,  seldom  thirty- 

*  Since  writing  the  above,  I  have  fortunately  been  able  to  see  General  War- 
ren's Report  on  the  Transportation  Route  from  the  Mississippi  river  to  Green 
bay  (via  the  Wisconsin  and  Fox  rivers).  In  this  report  we  find  that  the  bottom 
of  the  valley  alluded  to  in  the  text  has  a  maximum  height  of  208.8  feet  above 
Green  bay,  and  also  that  Lake  Winnebago  (on  Fox  river)  is  169  feet  above  the 
same  water.  This  small  lake  discharges  by  the  Fox  river,  which  flows  over 
hard  limestones  down  a  series  of  rapids.  Therefore  Green  bay  never  discharged 
Its  waters  into  the  Mississippi  river,  and  this  depression  in  the  country  between 
the  Great  river  and  Lake  Michigan  (the  Green  bay  portion)  was  not  a  former 
outlet  of  Lake  Superior,  since  it  was  within  about  20<)  feet  of  the  present  level* 
This  fact  strengthens  the  probable  correctness  of  the  suggestion  that  Lake  Su- 
perior emptied  into  the  northern  end  of  Lake  Michigan  directly.  Also,  Green 
bay  has  evidently  the  character  of  a  flord.  The  outlet  of  Lake  Michigan  could 
only  have  been  by  the  low  country  along  the  Illinois  river. 
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five  fathoms  deep,  but  with  a  channel  of  about  fifty  fathoms^  depth  running 
through  it,  towards  the  direction  of  the  north  angle  of  the  Au  Sable  river, 
near  Brewster's  mills.  Saginaw  bay,  belonging  to  this  section,  is  liisLe 
Green  bay,  shallow  even  at  its  mouth,  where  it  is  less,  tlian  100  feet  deep. 

Lake  St.  Clair  is  a  flat  plane,  with  its  bed  varying  from  16  to  21  feet 
below  its  surface,  and  is  altogether  modern. 

At  Detroit  the  drift  is  130  feet  deep.  The  three  south-western  coun- 
ties of  Ontario  are  low  and  flat,  and  covered  with  drift  varying  gen- 
erally from  50  to  100  feet  in  thickness  below  the  level  of  Lake  Erie.  In 
places  it  is  known  to  be  absent  to  a  depth  of  200  feet  below  the  same  lake 
in  portions  of  a  buried  channel  to  be  noticed  below.  In  fact,  all  the  evi- 
dence appears  to  show  that  the  southern  end  of  Lake  Huron  and  the  west- 
ern end  of  Lake  Erie,  with  the  intervening  region,  constituted  one  plane 
underlaid  by  a  considerable  depth  of  Erian  shales,  reposing  on  the  thick 
development  of  Coniferous  limestone,  and  traversed  by  deep  channels 
running  through  it. 

The  section  of  Lake  Huron  under  consideration  is  mostly  excavated  out 
of  Upper  Erian  shales  in  a  direction  at  right  angles  to  the  trend  of  the 
formations.  The  denuding  action  was  lessened  when  the  waters  in  the 
deeper  northern  part  of  the  lake  subsided  to  a  level  having  a  southern  mar- 
gin bounded  by  hard  Coniferous  limestone,  covered  to  no  very  great  depth 
with  Upper  Erian  shales  subjected  to  only  sub -aerial  action — ^the  whole 
traversed  with  water  courses  in  deep  channels. 

The  second  division  into  which,  for  convenience,  I  have  made  of  Lake 
Huron,  is  that  portion  between  the  line  drawn  from  Presqu'  He  to  Kincar- 
dine, and  the  Manitoulin  islands  to  the  northward.  This  is  the  deepest 
portion  of  the  lake  and  extends  in  a  direction  running  from  north-west  to 
south-east.  It  consists  of  a  broad  plane  traversed  by  several  deep  channels. 
The  average  depth  of  this  plane  below  the  surface  of  the  lake  does  not  ex- 
ceed 75  fatlioms,  although  there  are  channels  much  deeper,  one  of  which  is 
represented  by  a  depth  of  117  fathoms.  There  is  also  one  isolated  sounding, 
which  reaches  125  fathoms  or  750  feet,  this  being  the  deepest  spot  known. 

The  deeper  channels  appear  to  lead  from  the  northern  portions  of  the 
lake,  and  unite  as  they  proceed  southward,  being  separated  by  elevations 
indicating  peninsulas  or  islands.  Two  of  the  principal  channels  appear  to 
proceed  from  Mississagua  strait  (between  Manitoulin  and  Cockburn 
islands),  and  from  south  of  Manitoulin  island,  eastward  of  the  Duck 
islands.  However,  the  channels  in  the  marginal  portions  of  the  lake  are 
generally  more  obscured  by  drift  or  silt  than  towards  the  central  waters. 
The  channel,  if  such  you  can  call  it,  proceeding  from  the  Mackinaw  straits 
is  of  inferior  depth  to  those  leading  from  the  more  northern  end  of  the  lake. 

This  portion  of  the  lake  is  excavated  out  of  the  rocks  of  the  various  for- 
mations from  the  Niagara  to  the  Coniferous  limestones.  But  most  largely 
out  of  the  more  or  less  soft  rocks  of  the  Onondaga  group,  along  the  strike 
of  these  formations,  thus  giving  the  eroding  agencies  the  power  of  remov- 
ing the  softer  basal  rocks,  and  of  producing  an  escarpment  of  the  Conifer- 
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ous  limestone  looking  to  the  northward,  until  it  was  finally  undermined, 
and  worn  back  to  its  present  position,  submerged  beneath  the  shallower 
waters  of  the  southern  portion  of  the  lake,  or  buried  in  drift  deposits. 

On  the  northern  side,  the  lake  has  not  made  so  much  encroachment,  as 
it  is  bounded  by  the  hard  Niagara  limestones  of  the  Manitoulin  islands, 
and  the  Indian  peninsula  of  Canada,  the  strata  dipping  down  beneath  the 
lake.  Yet  it  must  be  noticed  that  these  rocky  shores  are  indented  by  nu- 
merous deep  bays  transverse  to  their  directions. 

The  North  Channel.  This  is  generally  a  shallow  water,  the  greatest 
depth  being  only  204  feet.  To  the  northward,  we  have  the  Huronian  rocks 
forming  the  boundary.  The  islands,  especially  towards  the  eastward,  and 
near  the  whole  north  shore,  are  generally  composed  of  Trenton  limestone. 

The  southern  margin  of  the  channel,  bounded  by  Manitoulin  and  the 
other  islands,  is  often  composed  of  Hudson  river,  more  or  less,  shaly  rocks, 
overlaid  by  the  Niagara  limestones  (where  not  removed  by  denudation), 
constituting  an  escarpment  facing  the  northward.  In  fact,  the  whole  of  the 
north  channel  is  principally  scooped  out  of  the  Hudson  River  Formation, 
which  attains  a  considerable  thickness  in  this  region. 

Dr.  Robert  Bell  states  that  he  has  observed  fifteen  anticlinal  folds  trav- 
ersing the  group  of  the  Manitoulin  islands  ;  and  it  is  in  these  that  we  find 
the  great  indentations,  and  lakes  in  the  islands,  as  well  as  the  straits  which 
separate  them.  Doubtless  many  of  the  southern  ends  of  the  Manitoulin 
lakes  and  channels  are  filled  with  drift.  For  example,  the  mouth  of  South 
bay  is  only  33  feet  deep,  whilst  the  upper  portion  is  generally  deep,  one 
place  giving  a  sounding  of  156  feet. 

In  fact,  the  north  channel  may  be  considered  as  a  broad  continuation  of 
the  Spanish  river  westward.  The  Mississagua  river  points  directly  to 
Mississascua  straits,  which  are  204  feet  deep,  as  deep  as  any  part  of  the 
channel  itself.  Thessalon  river  has  a  direction  towards  False  Bay  De  Tour, 
which  is  186  feet  deep.  Vermilion  river  flows  amongst  the  islands  west 
of  Cloche  mountains  and  probably  had  a  connection  to  Lake  Huron  through 
some  of  the  buried  channels  across  Manitoulin  islands,  as  between  Manitou- 
aning  and  South  bays. 

The  narrow  channel  between  the  peninsula  of  Cloche  mountains  and 
Manitoulin  island  is  less  than  60  feet  deep  and  appears  to  be  a  modern  con- 
nection with  Georgian  bay. 

Georgian  Bay.  The  eastern  and  northern  margins  of  this  bay  are  com- 
posed of  crystalline  rocks ;  the  south-eastern,  of  Trenton  limestone  ; 
whilst  the  western  is  made  up  of  the  Hudson  River  shales  capped  with  the 
Niagara  limestone,  on  the  Indian  peninsula  and  Manitoulin  island.  This 
basin  is  principally  excavated  out  of  the  Utica  shale,  and  the  somewhat 
harder  rocks  of  the  Hudson  River  Formation.  It  lies  along  the  junction  of 
the  various  formations,  and  thus  on  the  removal  of  the  lower  soft  layers  of 
rock,  an  escarpment  was  produced  which  has  subsequently  and  slowly 
continued  to  be  undermined. 

In  the  channels  connecting  this  bay  with  Lake  Huron,  there  are  many 
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small  islands  separated  by  shallow  water.  Yet  in  one  place  there  are  two 
deep  soundings  reaching  61  and  43  fathoms.  The  bay  itself  ia  mucli  deepor 
than  tliese  passages,  for  there  is  an  escarpment  submerged  to  a  depth  of 
498  feet  immediately  ofi*  the  Indian  peninsula*  at  Cabot's  Head,  which  is 
itself  dd4  feet  above  the  bay.  This  peninsula  is  deeply  indented  witli  bays 
or  fiords. 

There  is  a  depression  from  the  southern  end  of  the  bay*  through  the  Tal- 
ley  occupied  by  Simcoe,  Balsom.  Rice  and  other  lakes,  to  tlie  Trent  rirer, 
emptying  into  the  Bay  of  Quints,  an  arm  of  Lake  Ontario,  This  will 
be  alluded  to  again. 

IV.  Thb  Buribd  Riybk  Channel  in  the  Dundas  Ykllky  and  its  Ex- 

TKNSIONS. 

That  the  Dundas  valley  is  that  of  an  ancient  river  valley  now  buried  to 
a  great  depth  witli  the  diM$  produced  in  the  Ice  Age,  becomes  apparent 
on  a  carefVil  study  of  the  region.  However,  until  a  key  was  discovered  the 
mystery  of  its  origin  was  found  to  be  very  obscure.  My  own  labors  at 
studying  this  region  may  fairly  be  stated  as  the  first  systematic  attempts  at 
the  solution  of  the  present  configuration  of  the  western  end  of  Lake 
Ontario  and  the  ac^acent  valley.  Assertions  have  been  made  that  it  was 
scooped  out  by  a  glacier,  but  this  wild  hypotliesis  was  only  a  statement 
made  without  any  regard  to  fkcts. 

From  the  description  of  the  topography,  given  in  Section  II,  of  this  paper, 
it  will  be  seen  that  tlie  apparent  length  of  the  rock<bound  valley  is  six 
miles,  witli  a  width  of  over  two  miles ;  then  it  widens  suddenly  to  four 
miles  (with  concave  curves  on  both  sides),  after  which  it  gradually  increases 
in  width  as  it  o|)ens  into  Lake  Ontiirio.  The  direction  of  the  axis  of  tlie 
valley  is  about  N.  70^  £.  The  summit  edges  of  the  rock-walls  on  both 
sides  are  sharply  angular  and  not  rounded  or  trunctUed.  This  angularity 
is  not  due  to  fW«t  action  since  tlie  Ice  Age,  to  any  extent,  as  is  shown  by  the 
character  of  the  talus.  The  rocks  of  the  summit  are  f^quently  covered 
with  ice  markings,  but  I  am  not  aware  of  any  locality  where  they  have 
been  observeil  as  being  parallel  with  the  true  direction  of  the  valley,  but  on 
all  sides  one  can  observe  them  (sometimes  at  only  small  angles  of  less  tlian 
80  degrees)  making  conspicuous  angles  with  its  axis.  One  exception  may 
be  made  to  this  statement.  On  a  projecting  ledge  of  Clinton  limestone,  at 
Hussers  quarry,  near  Hamilton,  at  a  height  of  d54  feet  above  the  lake,  and 
134  feet  below  the  summit  of  the  **  mountain,*'  after  the  removal  of  some 
talus,  I  observed  that  the  surface  was  polished,  but  with  scratclies  so  IKint 
that  they  could  scarcely  be  comi)at^  with  those  of  flue  sandpaper  on  wood  ; 
and  the  direction,  if  determinable,  was  parallel  with  the  overhanging  es- 
carpment. There  are  many  tributary  o<inofM,  which  are  evidently  of 
greater  antiquity  than  the  Ice  Age,  which  could  not  have  excavated  by 
the  present  stretuus,  and  are  at  all  sorts  of  directions  compared  with  the 
striated  surface  of  the  country. 

The  topography  of  the  lower  lake  ix>gions  precludes  the  idea  of  a  glacier 
flowhug  down  the  valley  to  the  north-eastward.    Again,  as  the  diree- 
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tion  of  the  ice  was  towards  the  south- west,  the  waters  from  the  melting 
glaciers  could  scarcely  flow  up  an  escarpment  many  hundreds  of  feet  in 
height.  Even  if  the  Niagara  escarpment  did  not  exist  elsewhere,  the  non- 
parallelism  of  the  striee,  and  edges  of  the  escarpment  with  their  an^alar 
summits,  is  sufficient  to  prove  the  non-glacial  origin  of  the  valiey  in  the 
hard  limestone  rocks.  Moreover,  at  the  eastern  end  of  the  narrower  por- 
tion of  the  valley,  there  are  two  concave  curves  facing  the  lake,  -which  of 
necessity  would  have  been  removed  if  such  a  gigantic  grinding  agent  had 
been  moving  up  the  valley. 

This  glacier-origin  of  the  valley  being  an  absolutely  untenable  hypothesis, 
I  sought  for  some  fluviatile  agent  capable  of  effecting  the  present  configura- 
tion of  the  region.  At  the  time,  no  idea  occurred  that  even  the  great  valley 
of  the  present  is  only  a  miserable  remnant  of  one  of  gigantic  proportions 
obscured  by  hundreds  of  feet  of  drift.     The  question  arose,  could  Liake 
Erie  have  ever  emptied  by  this  valley  ?    This  suggestion  did  not  hold  its 
ground  for  any  length  of  time,  because  the  present  levels  are  all  too  high. 
Near  Gait,  the  traces  of  the  true  origin  first  presented  themselves.     A  branch 
of  the  Great  Western  Railwav  extends  from  Gait  southward  for  about  four 
miles  in  the  valley  of  the  Grand  river,  after  which,  without  making  any  im- 
portant ascent,  it  passes  into  the  broad  older  valley,  described  above  as  that 
in  which  Fairchild's  creek  now  flows.    After  a  careful  examination  of  the 
region,  and  of  the  railway  levels,  I  came  to  the  conclusion  that  this  was  an 
old  buried  valley.    It  then  became  apparent  that  if  the  Grand  river  had 
occupied  the  site  of  the  Fairchild's  creek,  that  the  latter  probably  flowed 
down  the  Dundas  valley,  and  that  the  Grand  river,  being  one  of  the  largest 
of  the  rivers  of  Ontario,  might  have  been  a  sufficient  cause  for  the  great 
excavation  at  the  western  end  of  Lake  Ontario.    Having  procured  all  the 
levels  that  bore  on  the  subject  which  were  available,  it  became  necessary 
to  connect  several  places  myself  by  instrumental  measurements,  which 
work  was  accomplished  last  July,  with  the  aid  uf  Prof.  Wilkins.     As 
the  whole  floor  of  Niagara  limestones  is  absent,  as  has  previously  been 
shown,  the  proof  that  the  ancient  Grand  river  flowed  down  the  Dundas 
valley  was  completed,  and  of  this  discovery  there  was  published  a  local 
notice  last  August.     Significant  and  interesting  as  this  &ct  was,  relative  to 
the  change  of  systems  in  our  Canadian  drainage,  a  still  more  important 
issue  was  involved.    When  taking  the  levels  between  the  Dundas  valley 
(modern)  and  the  Grand  river,  it  was  found  that  the  whole  calcareous  floor 
was  removed  from  a  basin  several  miles  in  width,  and  that  all  the  wells 
were  sunk  to  a  considerable  depth  in  the  drift  before  water  coold   be 
obtained.    On  glancing  at  the  map  it  will  be  seen  that  the  Grand  river 
from  Brantford  to  Seneca  meanders  through  a  broad  course,  which  in  its 
ancient  basin  is  several  miles  in  width,  but  that  from  Seneca  the  valley  is 
narrower,  and  the  course  of  the  stream  more  direct,  as  far  as  Cayuga.    At 
Seneca  the  valley  is  two  miles  wide,  and  seventy-five  feet  deep.    Also  the 
bed  of  the  Grand  river  at  Seneca  is  in  drift  which  is  only  87  feet  above 
the  lake  into  which  it  now  empties.  As  has  been  pointed  oat  in  the  section 
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on  the  topography,  this  broad  valley  continues  to  Cayuga  within  a  few 
miles  of  the  lake,  whence  its  former  probable  course  was  by  a  nearly 
direct  line  to  Lake  Erie,  now  filled  with  drift,  near  the  present  bend  in 
the  river  towards  the  eastward.  At  Cayuga,  tlie  rock  beneath  the  drift-bed 
of  tlie  river  is  below  the  lake  level,  on  the  margin  of  its  ancient  valley. 
(See  note,  Section  II.) 

Having  observed  the  connection  between  the  Dundas  valley,  Grand 
river  and  Lake  Erie,  it  dawned  on  me  that  I  had  established  the  knowledge 
of  a  channel  having  a  very  important  bearing  on  the  surface  geology  of 
the  lake  region.  It  now  became  apparent  that  Lake  Erie  had  flowed  by 
the  Grand  river  reversed  to  a  point  west  or  north-west  of  Seneca,  and 
tlience  by  the  Dundas  valley  Into  Lake  Ontario ;  also  that  the  upper 
waters  of  the  Grand  river,  previously  discovered  as  passing  down  the 
Dundas  valley,  were  really  tributary  to  the  outlet  of  Lake  Erie,  and  Joined 
it  somewhere  south  of  Harrisburg ;  and  that  the  basin  between  the  Brantford 
(and  the  Grand  river  of  to-day)  and  the  Great  Western  Railway,  at  Cope- 
tow  u,  formed  an  expanded  lakelet  along  the  course  of  the  ancient  outlet  of 
Lake  Erie,  scooped  out  of  the  softer  rocks  of  the  Onondaga  Formation  be- 
fore noticed.  As  the  waters  excavated  a  bed  in  a  deeper  channel,  of  course 
this  lakelet  would  become  an  expanded  and  depressed  valley,  such  as  we 
often  see  amongst  the  hills  of  drift,  at  a  short  distance  westward  of  Dun- 
das. Possibly  the  Grand  river  divided  and  flowed  around  an  island,  the 
western  side  of  which  is  occupied  now  by  the  town  of  Paris.  At  any  rate, 
Keith's  i:reek,  at  that  town  formed  a  large  tributary  to  the  river  then 
flowing  down  to  Lake  Ontario. 

Along  the  course  fh)m  Cayuga  to  Lake  Ontario  all  obstacles  to  the  outlet 
of  Lake  Erie  appear  to  be  removed.  But  along  the  present  course  of  the 
Grand  river,  eastward  of  Cayuga,  the  waters  flow  over  Coniferous  lime- 
stone. But  this  difflcuUy  is  removed  on  observing  that  the  river,  filled 
with  drift,  approaches  Lake  Erie  to  within  a  direct  distance  of  about  six 
miles,  but  that  at  this  place  It  leaves  Its  southward  course  and  also  its  con- 
spicuous valley  and  flows  eastward.  In  the  same  manner  as  the  Niagara 
river,  above  the  Whirlpool,  left  Its  old  choked-up  outlet  by  the  valley  of 
St.  David,  and  cleaned  out  a  new  channel  for  Itself  through  several  miles, 
in  hard  rock,  from  Queenston  southward. 

We  have  recently  seen  by  a  note  in  the  second  section  of  this  paper,  that 
the  Grand  River  l)ed  is  near  the  eastern \margin  of  its  ancient  valley  at 
Cayuga.  From  northward  of  this  town,  at  about  half  a  mile  to  the  west- 
ward of  the  river,  a  deep  depression  In  the  drift  Indicates  the  deeper  por- 
tion of  the  ancient  river  as  It  left  the  modern  channel  direct  for  the  Lake 
Erie  basin.  Also  along  this  route  the  hard  rock  Is  known  to  be  absent  to 
a  depth  below  the  surface  of  Lake  Erie. 

In  Ohio,  the  Geological  Survey  considers  that  Maumee  river  emptied  into 
the  Wabash.  If  the  waters  of  Lake  Erie  ever  passed  by  this  route  Into  the 
Mississippi  river  when  they  were  at  no  higlier  level  than  at  present^  then 
there  must  be  a  channel  burled  to  a  depth  reaching  at  least  170  feet  above 
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the  Iske,  as  that  1b  the  elevation  of  ibe  divide  between  the  iiiq»er  waters  of 

The  outlet  of  Lake  Erie,  indicated  in  tliiB  paper,  Is  known  at  many  places 
along  its  route  to  have  no  rock-bed  for  a  distance  below  the  surface  of  the 
higher  lake,  and  to  a  probable  depth  shown  below  sufficiently  gre&t  li> 
emplf  Lake  Huron. 

Again,  Mr.  Carll  has  shown  that  the  Allegheny  drainage  passed  near 
Dunkirk  into  the  Erie  babin  at  a  place  juBt  opposite  to  itsoutlet,  SBiodic&tcd 
by  the  present  writer. 

Uucb  of  tlie  Dundas  valley  is  underlaid  by  stratified  Brie  olsy,  wliicb  Is 
knewn  to  extend  to  a  depth  of  60  feet  below  the  sur&ce  of  Lake  OntArio, 
according  1o  Dr.  Robert  Bell.  In  the  upper  part  of  the  valley,  streams 
have  exposed  some  deposits  of  unstratiSed  clay  filled  with  angular  sliiugle. 


Mgi. 


FiQ.Z.— 1.  BudsoDltiver Formation  1  2.  Medina  sbales:  3.  NiagaraaDd  Clinton 
dofomlles  wltb  Bome  Bhales.  A,  C,  D,  B,  modera  v&llef  Bt  meridian  of  Burling- 
ton Heights;  a.  C,  D.  b.  luodem  THlley  at  meridian  of  Dandas;  a,c,  d, e,  b.  lec- 
tions across,  deeply  eioavated  In  bedaof  sireama  In  western  partaf  ibe  Dandas 
valley:  *.  Boa Ider  clay  fllllns  ancient  valley  ;  5.  Erie  clay;  S.  TalnafTom  sldea 
of  escarpment -,T.  Old  beacb,  lUS  feet  above  lake  at  Bnrllngton  Heights.  Q.  Dea- 
Jiirdln'g  canal  leading  from  Dundas  marsh  lo  Bnrlington  bay ;  W,  W,  well  at 
Boyal  Holel,  Hamilton:  W,  another  well  ai  Dandas ;  UO,  level  of  Lake  On- 
tario; T.,  E,  lerelof  Lake  Erie,    Horizontal  scale,  2  miles  to  an  Inch  :  verUnl 

derived  from  the  thin  beds  of  limestone  forming  the  upper  porli<a  of  tbe 
Niagara  Formation,  In  the  eastern  portion  of  the  valley,  the  Erie  clay  la 
overlaid  DDCODfi)nnablj  by  brown  Saugeen  clay  or  loam  (sttatifled).  In 
the  upper  portiona  of  the  valley  the  bills  are  cai^ted  by  brown  claya  or 
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sands.    Bat  along  some  of  tbo  hillsides  excavated  so  deeply  in  the  drifl, 
we  find  old  beaches  resting  unconformably  on  boulder  olay« 

Near  tlie  centra  of  the  city  of  Hamilton*  in  the  wider  portion  of  the 
Dundas  valley,  a  well  was  sunk  to  the  depth  of  over  1000  feet.  This 
well  revealed  a  most  Interesting  fikcU  Though  known  to  me  several 
years  ago,  I  did  not  apply  it  until  recently  to  its  true  bearing, 
since  discovering  the  origin  of  the  Dundas  valley.  Mr.  J.  M.  Williams 
sunk  this  well,  at  the  Royal  Hotel,  in  Hamilton.  He  told  me  several 
years  ago  that  he  had  to  sink  through  390  feet  of  boulders,  before 
coming  to  hard  rock,  thus  causing  the  outlay  of  a  large  sum  of  money  in 
excess  of  his  calculations.  Unfortunately,  this  well-record  has  been  lost 
by  fire.  At  that  time,  the  ft^ct  wasso  tte&h  in  his  memory  (improved  by  the 
extraordinary  cost  of  the  well)  that  his  statement  could  be  relied  on,  being 
experienced  in  well-borings.  The  mouth  of  this  well  is  B8  feet  above  Lake 
Ontario,  and  therefore  the  hard  rocks  are  absent  for  a  depth  of  227  foet  be- 
low the  lake  surface.    See  section.  Fig.  9. 

As  the  valley  is  live  miles  wide  at  this  place,  and  as  the  well  is  only  about 
one  mile  distant  fh>m  its  southern  side,  it  becomes  apparent  that  the  valley 
in  the  centre  must  have  been  much  deeper.  Moreover,  if  we  produce  the 
southern  side  of  that  portion  of  the  valley,  which  Is  over  two  miles  wide, 
we  llnd  that  the  well  is  less  tlian  a  quarter  of  a  mile  away  (torn  it.  Now  if 
wc  connect  the  top  of  the  Medina  shales  (240  feet  above  Lake  Ontario) 
with  the  base  of  the  drift  in  the  well,  and  pn)duce  it  to  the  centre  of  the 
valley,  it  would  indicate  a  central  depth  of  over  500  fbet.  At  the  base  of 
the  drift  there  are  nearly  fifty  feet  of  Medina  shales,  below  which  are  the 
Hudson  River  rocks  (more  or  loss  cala^roousand  arenaceous,  mixed  with  the 
shales).  This  hanler  formation  along  the  bed  of  a  river  would  be  less  exten- 
sively removed  by  aqueous  action  than  the  overlying  Medina  shales,  es^H)- 
dally  as  the  pitcli  of  the  waters  would  be  much  lesseneil .  This  graphic  method 
of  calculation  seems  as  perfectly  admissible  here  as  it  does  in  determine 
ing  other  constants  of  nature.  However,  I  have  placed  the  estimated  depth 
in  the  section  at  about  70  fathoms  below  the  lake  surface,  which  depth  is 
perfectly  compatible  with  the  soundines  of  the  lake  of  no  very  great  dis- 
tance to  the  eastward.  Even  this  depth  gives  only  very  gentle  sloi)es  ttom 
the  sides  of  tlie  river  valley.  It  should  be  remarked  that  Burlington  bay 
is  excavated  fh>m  stratified  cla>^  in  places  to  a  depth  of  78  feet.  But  tliis 
water  is  silting  up  oom))aratively  quickly. 

Now  we  have  seen  that  the  deep  excavation  in  the  Dundas  valley  and 
westward  is  cut  through  more  than  250  fV»et  of  Niagara  and  Clinton  rocks, 
mostly  of  limestone,  and  to  a  depth  in  the  Medina  shales,  so  that  the  total 
known  depth  of  the  ecinon  is  748  feet^  but  with  a  calculated  depth  in  the  » 
middle  of  the  channel  of  about  1000  feet.  This  depth  for  a  eaiioh  is  not 
extraordinary  for  KAStern  Anterloa.  In  Tennessee  there  are  river  valleys 
excavated  to  a  depth  of  1600  feet,  and  in  Pennsylvania  Mr.  Carll  reports 
others  to  be  equally  deep. 

Again,  this  Preglaoial  river  explains  the  cause  of  the  present  topography 
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of  the  vtttern  end  of  Lake  Ontario.  The  drainage  by  Utis  river  swept  past 
the  foot  of  the  submergeii  escarpment  of  Lake  Ontario,  described  in  pre* 
ceding  pages,  until  it  i^assed  the  meridian  of  Oswegt). 

With  such  an  outlet,  and  with  the  ancient  Grand  Ulver  valley  buried  to 
an  equal  depth,  we  have  an  easy  solution  to  the  problem  of  tlie  drainage 
of  Lake  Krie,    See  section,  Fig.  8. 

Sfction  (/Grand  Mirer  laliejr  atSkneea* 


Fio.  8.— Section  of  Qrand  lUvor  vaUey  at  Sonccii.  A,  D,  0,  II,  n,  in  the  profile 
of  the  H.  «kN.  W.  RAllwny;  hortiiontiU  (Itstnnoo,  3  mlios  to  an  Inch;  vonloal, 
40)  feet  to  an  Inch.  C,  represent*  piMdtton  of  Gmud  rlvor;  \\  O,  H,  valley  two 
inllea  wUlo  anil  with  maximum  depth  ofTS  n>ct.  !««  K,  h'vcl  of  Uvke  Kiio ;  L,  O, 
level  of  Lake  Ontario;  1),  F,  U,  probable  depth  of  burled  valley. 

Attention  has  been  called  in  this  paper  to  the  deepest  portion  of  Ijake 
Erie  being  southward  of  Ilaldimand  ct)unty,  and  about  the  end  of  Long 
point,  and  extending  trtuiMversely  towartls  the  Pennsylvania  Blion\ 

Uo  far,  our  remarks  have  applied  to  Ctvnada.  If  we  turn  towards  the 
American  shore,  we  will  see  that  the  observations  made  there  go  very 
strongly  in  support  of  what  \\\\a  been  written. 

Several  years  since  Dr.  Newberry,  Mr,  Gilbert,  and  others,  called  atten- 
tion to  the  deeply  burled  valleys  of  the  Ouy^vhoga,  Ohasrrln,  Grand,  Mau- 
mee  and  other  rivers  in  Ohio,  which  cniptieil  into  Lake  Krle  much  below 
their  present  levels.  The  Cuyahopi  has  its  channel  buried  to  a  depth  of 
i2'i8  feet  below  tlie  surface  of  Ltike  Krle  of  our  time,  whilst  the  det>)H)St 
water  in  the  neighboring  portion  of  the  lake  is  less  thiui  a  hundred  feet. 
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In  Report  III,  of  the  Pennsylvania  Geological  Survey,  issued  in  Novem- 
ber, 1^0»  Mr.  John  F.  Carll  published  excellent  maps  of  the  Preglaclal 
drainage  of  that  State  and  tlie  neighboring  portions  of  the  adjoining  States. 
This  rei^rt  on  the  Preglacial  rivers  is  the  result  of  five  years'  labors  in  the 
oil  regions,  and  many  of  Mr.  Carll's  results  have  been  derived  from  tlie 
fkcts  made  known  by  the  borings  for  mineral  oil. 

Besides  calling  attention  to  the  very  deep  valleys  of  erosion  amongst  the 
mountains,  Mr.  Carll  has  shown  that  in  the  oil  regions  the  river  valleys 
are  frequently  filled  with  drift  to  a  deptli  of  fh>m  300  to  450  feet.  In  fact, 
nearly  all  the  present  rivers  flow  over  beds  deeply  filled  with  drift  The 
map  of  the  Preglacial  ditiinage  shows  that  the  upper  waters  of  the  Alle- 
gheny emptied  by  the  Cassadaga  river,  reversed,  into  Lake  Erie,  near  Dun- 
kirk, and  had  for  tributaries  many  other  streams  now  flowing  southward ; 
for  example,  the  Conewango.  These  streams  drained  an  area  of  4000 
miles,  which  now  sends  its  surplus  waters  to  the  Ohio  river.  Again,  the 
French  and  other  rivers,  now  emptying  southward  from  the  Conneaut 
basin,  emptied  in  Preglacial  times  into  Lake  Erie,  westw^ard  of  Erie  city. 
Again,  the  Chenango,  Connoquenessing,  Mahoning  and  other  tributaries 
of  the  Beaver  river  (itself  now  emptying  into  the  Ohio)  flowed  northward, 
by  the  Mahoning  river  reversed,  into  the  State  of  Ohio,  to  near  the  sources 
of  the  Qrand  and  Cuyahoga  rivers.  Hence  Mr.  Carll  did  not  continue  its 
course,  on  the  map,  but  from  the  study  of  the  levels  and  character  of  the 
country,  as  described  by  the  Geological  Survey  of  Ohio,  I  have  connected 
it  with  the  Grand  river  of  Ohio,  as  represented  on  my  map.  Thus  we 
find  three  large  areas  now  flowing  southward  formerly  emptying  into  the 
Lake  Erie  basin. 

The  dee|>est  portion  of  Lake  Erie  Is  between  these  ancient  river  mouths 
and  the  ancient  dibouchement  of  the  Erie  drainage  by  the  Grand  river  of 
Ontario,  as  described  in  these  pages. 

Thus  we  have  shown  a  consecutive  system  of  drainage  of  the  former 
waters  of  the  buried  channels  into  Lake  Ontario,  and  thence  running  along 
the  foot  of  the  submerged  escarpment  of  the  latter  lake  to  Its  eastern  end, 
receiving  tke  Genesee  and  other  large  rivers  along  its  course.  In  a  portion 
of  the  present  notes,  the  writer  will  endeavor  to  make  known  still  t\irther 
the  buried  channels  of  Ontario,  which  exist  between  Lakes  Huron  and 
Erie  when  treating  of  the  origin  of  these  lakes. 

The  remaining  portion  of  this  paper  will  be  devoted  to  the  subject  of  the 
origin  of  our  great  lakes.  The  writer  does  not  wish  to  enter  here  into  the 
discussion  of  the  drift  deposits,  and  their  origin  at  the  present  time,  but  to 
reserve  it  until  the  flnal  rei)ort  on  the  surface  geology  of  the  Western  End 
of  Lake  Ontario.  Yet  the  facts  brought  to  light  in  this  study  have  an  im- 
portant bearing  on  the  great  contmversy  of  the  Glacial  Drift,  and  lead  one 
to  the  conclusion  that  the  Ultm-Glacial  theorists  stand  on  uncertain  grounds. 

V.  OiuQiN  OF  oun  LowBR  Great  Lakes. 

On  a  fbrmer  page  of  this  paper  attention  has  been  called  to  Prof.  Win- 
chell's  observations  of  an  outlet  from  Lake  Su))erior  by  way  of  Little  Bale 
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de  Noc,  and  also  my  theoretical  divergence  slightly  from  this  view. 
That  an  outlet  did  exist  somewhere  in  the  region  between  Lakes  Superior 
and  Michigan,  seems  certain,  of  course,  we  do  not  know  to  wliat  depth, 
but  from  the  evidence  brought  forward  from  the  soundings  in  the  northern 
end  of  Michigan  lake  to  at  least  half  the  depth  of  our  greatest  lake,  and 
probably  to  the  whole  depth. 

There  appears  also  to  have  been  an  outlet  from  Lake  Michigan,  near 
Chicago,  emptying  into  the  Mississippi  river.  These  two  lakes  both  lie 
outside  of  the  study  of  the  present  paper,  but  before  passing  to  the  other 
lakes,  let  us  note  certain  facts  which  present  themselves  to  the  view  of  the 
writer.  Without  taking  up  the  bibliography  of  the  subject,  it  may  be 
stated  that  some  have  regarded  the  origin  of  the  lakes  as  being  due,  to  a 
greater  or  less  extent,  to  the  geological  valley,  formed  at  an  earlier  date. 
Of  our  five  great  lakes,  certainly  not  more  than  one  can  possibly  come  into 
this  category — ^that  is  Lake  Superior.  Not  even  the  northern  side  of  the 
north  channel  of  Lake  Huron,  bordered  by  crystalline  rocks,  could  be  in- 
cluded. The  writer  even  doubts  that  Lake  Si^perior  is  essentially  anything 
more  than  a  valley  of  erosion,  and  if  it  be,  it  remains  to  be  proven.  Yet 
its  position  was  probably  determined  to  a  greater  or  less  extent  by  tbe 
orography  of  the  region,  and  its  excavation  appears  to  have  been  principally 
by  erosion.  Although  the  lake  is  in  the  region  of  very  ancient  continental 
oscillations,  there  are  no  evidences  of  different  elevations,  and  subsidences 
in  different  portions  of  the  lake  basins.  Five  years  ago,  I  pointed  out  that 
Superior  was  eminently  a  region  liable  to  atmospheric  erosion,  as  the  great 
volcanic  seat  situated  about  the  Keeweenaw  Point,  in  Presilurian  times^ 
would  tend  to  weaken  the  strata.  All  who  have  made  a  study  of  the 
three  miles  in  thickness  of  the  copper  bearing  rocks,  pitched  at  various 
angles,  whether  on  tbe  northern  or  southern  shores,  and  crossed  by  numer- 
ous faults,  know  that  they  are  particularly  liable  to  irregular  atmospheric 
decay.  As  an  example,  we  have  remaining  an  excellent  case  in  that  in 
which  Portage  lake  lies,  now  a  valley  transversely  situated  in  the  Keeweenaw 
hills,  and  excavated  to  a  depth  of  six  or  eight  hundred  feet.  In  the  nar- 
row channel  between  Houghton  and  Hancock  the  waters  are  60  feet  deep 
and  underlaid  by  a  considerable  depth  of  silt. 

According  to  both  Professors  Dana  and  Whitney's  explanation,  fiords 
are  valleys  of  erosion,  when  the  land  was  at  a  higher  level ;  but  as  a  neces- 
sary condition,  high  hills  or  mountains  should  be  near  a  shore,  so  as  to 
give  pitch  to  the  descending  waters  ;  from  this  definition  we  can  fairly  con- 
sider most  of  the  bays  of  Lake  Superior,  Lake  Huron,  and  those  about  the 
Niagara  escarpment  in  the  region  of  the  Green  bay  extension  of  Lake 
Michigan,  as  belonging  to  thi^  category. 

Lake  Michigan  is  nearly  deep  enough  to  remove  all  the  waters  of  Lake 
Superior.  Such  deep  places  as  the  171-fathom  hole  north-east  of  Duluth  could 
easily  be  produced  by  a  cataract,  the  same  as  the  wat^r  in  the  Niagara 
river  is  so  much  deeper  than  its  rock- bound  outlet  into  Lake  Ontaria 
Moreover,  the  peculiar  form  of  the  south-western  extension  of  Lake  Supe- 
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rior  can  only  be  explained  as  having  in  part  been  produced  by  water, 
running  in  one  direction  or  the  other,  as  the  St.  Louis  river  now  empties, 
at  Duluth. 

That  the  other  lakes  are  not  occasioned  by  a  geological  depression  or 
elevation  can  be  easily  seen,  as  they  are  exclusively  excavated  f^om  strati- 
fled  rocks  lying  almost  flat,  perhaps  dipping  in  no  place  at  higher  angles 
than  40  feet  in  a  mile. 

The  Norih  channel  and  Georgian  bay  of  Lake  Huron  belong  to  a  sepa- 
rate category  ftom  the  rest  of  the  lakes.  I  do  not  deny,  as  far  as  Lake 
Ontario  and  the  north-eastern  half  of  Lake  Huron  are  concerned — both  of 
which  are  excavated  at  the  Junction  of  hard  and  soft  strata  and  parallel 
with  their  trend — that  they  might  have  had  the  direction  of  their  flrst 
rivers  determined  by  continental  elevation.  Yet,  in  no  other  respect  are 
these  lakes  now  occupying  gcologictU  valleys. 

Dr.  Newberry  is  of  the  opinion  that  the  valley  of  Lake  Michigan  was 
separated  (torn  that  of  Huron  at  the  Straits  of  Mackinac,  even  at  a  com- 
paratively recent  period.  I  concur  with  this  view  entirely.  Lake  Michi- 
gan is  22  fathoms  deeper  than  Lake  Huron,  and  therefore  could  in  no 
natural  way  have  ever  been  entirely  drained  by  the  latter  lake.  There  is 
no  evidence  of  local  subsidence,  and  the  glacier  theory  is  absolutely  unten* 
able,  as  will  be  seen  further  on.  In  the  Beach  Epoch  of  the  Ice  Age  this 
separation  seems  to  have  existed,  as  it  is  stated  that  the  highest  beach  north 
of  Lake  Michigan  is  65  feet,  whilst  that  on  the  island  of  Mackinac  is  more 
than  250  feet  above  these  waters.  We  know  that  there  are  several  corres- 
pondingly high  beaches  along  the  margins  of  the  basin,  including  the  three 
great  lower  lakes. 

Thus  we  can  cut  ofl*  the  two  western  waters  of  the  great  chain  of  Ameri- 
can lakes  f^om  our  subject  and  leave  them  for  future  inquiry. 

Whether  the  above  named  outlets  of  Superior  and  Michigan  are  suffi- 
ciently deep  to  have  drained  their  basins,  at  the  time  when  we  know  that 
the  Mississippi  valley  was  several  hundred  feet  higher  than  at  present,  re- 
mains to  be  shown. 

The  writer  will  now  deal  with  those  waters  to  the  eastward,  and  see 
what  difilculties  have  been  removed  and  what  still  remain,  for  Lake  On- 
tario is  nearly  a  hundred  feet  deeper  than  the  deepest  sounding  of  any  of 
our  tipper  lakes. 

Dr.  Newberry  prophesied  that  an  outlet  for  Lake  Erie  into  Lake  Ontario 
would  be  discovered  near  the  Welland  canal.  This  outlet  in  an  unexpected 
position  I  have  discovered,  and  in  a  position  which  explains  more  perfectly 
the  cause  of  the  topography  of  Lake  Ontario  than  any  that  could  have 
been  discovered  forty  miles  to  the  eastward.  Moreover,  I  have  shown  that 
its  depth  is  not  only  sufficient  to  empty  Dr.  Newberry's  deep  Cuyahoga 
(228  feet  below  Lake  Erie),  or  the  ancient  rivers,  worked  out  by  Mr.  Carll 
(the  most  systematic  study  of  fluvlatlle  geology  that  has  been  done  on  this 
continent),  but  also  sufficiently  deep  to  empty  the  deepest  waters  of  Lake 
Huron  intoJLako  Ontario. 
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When  was  the  advent  of  such  a  drainage  system  for  this  continent? 
Some  of  our  American  friends,  who  have  advocated  the  sub-s&rial  and 
fluviatile  origin  of  the  lakes,  have  placed  it  back  to  the  Devonian  Age. 
About  the  commencement,  we  know  nothing.  It  would  be  safer  to  place 
it  after  the  Palaeozoic  time,  for  probably  some  portions  of  the  Province  of 
Ontario  were  covered  with  carboniferous  deposits,  as  well  as  Michigan  and 
Ohio,  which  have  subsequently  been  removed  by  denudation. 

Outlet  of  Lake  Huron,  The  south-western  countries  of  Ontario  are  dotted 
with  borings  for  oil.  From  these  well- records,  one  can  draw  only  a  single 
conclusion,  that  they  are  underlaid  by  drift,  (mostly  stmtified  and  perhaps 
wholly)  to  a  depth  of  not  more  than  100  feet  below  the  surface  of  Lake 
Erie,  and  that  generally  to  not  more  than  50  feet.  There  are  deeper  bor- 
ings in  drift,  it  is  true,  but  these  may  be  fairly  considered  as  in  buried 
channels.  For  instance,  at  Detroit  the  drift  is  130  feet  deep.  Again,  at 
Port  Stanley,  it  is  150  feet  below  the  surface  of  the  lake ;  at  Vienna  it  is 
200  feet  below  Lake  Erie.  If  we  draw  a  line  from  near  the  northern  angle 
of  the  An  Sable  river  (of  the  south)  to  east  of  Vienna,  we  have  a  boundary  to 
the  deeply  drift  filled  basin  of  south-western  Ontario  ;  for  at  Tilsonburg, 
St.  Mary's  and  elsewhere  (just  east  of  this  line)  the  hard  limestones  come 
to  near  the  surface  of  the  country  much  above  the  level  of  Lake  Brie. 
Excepting  a  few  shales,  at  Kettle  Point,  all  the  south-eastern  shores  of  this 
lake  are  composed  of  sand  dunes  and  other  Post-Tertiary  deposits.  The 
upper  portion  of  the  Thames  and  Au  Sable  rivers  are  in  conspicuously 
Preglacial  beds  filled  with  drift.  The  Au  Sable,  after  turning  northward, 
continues  in  a  partly  re-excavated  valley  to  a  point  within  a  mile  of  Lake 
Huron,  and  then  turns  at  an  acute  angle  and  runs  for  a  dozen  miles  south- 
ward parallel,  and  very  close,  to  the  lake  before  emptying  into  it. 

Now,  if  we  look  at  the  large  geological  map  of  Canada,  it  will  be  seen 
that  the  region  underlaid  by  Upper  Devonian  shales  extends  south-eastward 
from  Lake  Huron,  forming  a  narrow  belt  across  the  country  to  Lake  Erie. 
Dr.  Hunt  has  shown,  that  in  places  these  shales  are  four  or  five  hundred 
feet  thick,  beneath  the  drift.  On  a  careful  study,  it  will  be  seen  that  these 
south-western  countries  of  Ontario  simply  formed  a  continuation  of  the 
valley  of  Lake  Erie  to  Lake  Huron,  or  vice  versa.  The  depth  of  this  val- 
ley, or  plane,  as  we  have  seen,  does  not  exceed  100  feet  below  the  lake 
level  (Erie),  except  in  channels,  and  generally  less  than  that  depth  ;  While 
the  waters  in  adjacent  portions  of  Lake  Erie  vary  in  depth  from  30  feet,  at 
the  western  end,  to  a  maxium  depth  of  84  feet  further  eastward,  where  re- 
moved from  the  mass  of  modern  sediments  now  being  brought  down  by 
the  western  rivers.  From  these  facts,  but  one  conclusion  can  be  drawn, 
and  that  is,  the  deepest  western  portion  of  Lake  Erie  is  not  silted  up  to  a 
greater  depth  than  the  difference  between  its  soundings  and  100  feet ;  ex- 
cept in  channels,  such  as  the  Cuyahoga. 

From  these  figures  it  will  be  seen  that  the  country  including  the  greater 
portion  of  Lake  Erie,  the  south-western  counties  of  Ontario,  and  the 
southern  portion  of  Lake  Huron  formed  one  nearly  uniform  plage,  in  shale- 


It  >' 


1S81.]  ^'^^^  [Spenoer. 

rocks,  which,  however,  gradually  sloped  both  to  the  northward  and  east- 
ward towards  the  deepest  portions  of  the  lakes.    From  the  borings,  we  see 
that  there  were  channels,  and  I  think  that  we  are  furnished  with  the  data 
^^^  V-  for  pointing  out  where  the  outlet  of  Huron  formerly  flowed,  even  to  a 

^,  >^'  depth  sufficiently  gretU  to  drain  the  deepest  portion  of  the  lake,  although 

filled  with  some  sediment  That  portion  of  the  Au  Sable  flowing  northward 
in  an  old  buried  valley,  and  then  turning  southward,  indicates  a  portion  of 


tM.>:^^' 


^'  the  ancient  outlet.    The  channel  having  been  dammed  in  the  Ice  Age,  has 

v^      ^^.d<^^^  caused  the  modern  river  to  flow  in  the  capricious  manner  indicated  on  the 

i\\*'^^*^'\^  ^d  map.  This  portion  of  the  river  reversed,  formed  an  ancient  outlet  for  Lake 

^.v  '^^^ .  ^^t^'         Huron,  and  flowed  to  its  south-western  angle,  then  turning  eastward,  the 

yi  ^^^!jiv^^  direction  (with  gentle  curves)  was  soutli  of  eastward  across  the  coun- 
->*  ^  m^^  ^^y  ^^  Lake  Erie,  having  Port  Stanley  on  its  right,  and  Vienna  on  its  left 
w/(  ^    -^w"^       bank.    It  is  known  that  the  channel  at  the  former  place  was  150  feet,  and 

M'^*^  *^  x4^  at  the  latter  200  f^ot  below  Lake  £rio,  and  with  a  sufficient  distance  be- 
i.^x^^*"^  <i^^^      tween  these  places  to  have  permitted  of  a  valley  four  times  that  depth, 

.^V<^-.  ^^i^^     even  in  the  Hamilton  shales,  and  underlying  Coniferous  limestones.    At  a 

x^^*^  ^  Yc«^'    distance  of  only  a  few  miles  eastward  of  this  line,  the  Coniferous  limestone 

^^  *  ^, Y.^^^  *  fvV*^   comes  to  near  tlie  surface  of  the  country,  and  is  exposed  by  several  modern 

.  io^  ^jrfc**'t  streams.     The  upper  portion  of  the  Thames,  the  eastern  branches  of  the 

^^  \ftt^^  ^^^\^   ^^  Sable,  and  other  streams  belong  to  Preglacial  times  with  buried  chan- 

'^     \c<c^  ^wcic^*xiels,  were  tributaries  to  this  old  outlet. 

^^^  cft^^^^^-mc*^^  Throughout  the  south-western  counties  generally  there  is  a  broad  belt 
^^^\r  tv>*^  ^^^!<***inderlaid  by  several  hundred  feet  of  Devonian  rocks  (mostly  of  shale  of  the 
*^^       ^t^^^  ^fi(<^^Iamilton  group),  beneath  the  drift  deposits,  which  cover  them  to  a  depth 

*'»''';  n\^^  ^^  tuS^  Two  things  along  this  route  support  the  theory  that  this  channel,  known 
r'^^^  ^^x »  ^dVO**  ^e  200  feet  deep  (below  Lake  Erie)  and  able  to  drain  half  of  the  surfkce 
T^^^^*  ^oi5^*^    u  i^  Lake  Huron,  was  of  more  gigantic  proportions,  is  the  nature  of  the  drift 


'^^  ^  fc  ^^^^^  9it^^  cause  (glacier  or  iceberg),  it  is  just  what  would  be  expected  along  the 
i'lV*'^  \i  '«*'*^*  .i0tt>^*^  of  A  valley  agrilnst  which  drift-bearing  ice  would  be  passing.  The 
^^'^'^\ccl  *  ^^aep'^  indication  is,  that  if  we  draw  a  line  from  a  short  distance  north  of 
>'  ^''^,S  '^^'Vet  t'ci'^'^^tauley  to  southward  of  Vienna  (the  direction  of  the  valley),  it  forms  a 
^  ''/c^^  ^^^  il^*^  <^^^\jUfttlon  of  a  nearly  dii-ect  i)ortion  of  the  present  shore,  curving  slightly 
f^'  %«^  ^^*V^  ^^^^  ^  l>oint,  just  off  which  the  deepest  portion  of- the  lake  is  found,  and 

\  ..^  '^^     pfisA'*'*^^'  )  which  the  channel  turns,  to  the  Grand  river  of  Canada.    It  cannot 

'•  ,.  V^^'^.  jr^Toti?^^  ly  ga'n\  that  the  present  configuration  of  the  latce  is  independent  of 
.  ».'f^  ^  ^  ^'^,,,7av'>ti  ^^  Klacial  form.    Nor  can  it  l>e  said  that  the  lake  is  generally  silted  up 
'^^\[ii  \^  T*'*  *L^  depths,  except  in  channels,  for  any  such  statement  Is  unwarranted 
^  HPf  ^   S  fts  I  have  shown  fVom  tlie  analogy  between  the  bottom  of  the 
V  end  of  the  lake,  and  the  south-western  counties,  to  be  impix>bable. 

, ,   ;nMt^'^^"'  16  of  PregUieial  Rmrs,    Wo  are  now  able  to  construct  an  approxi- 
'  .  ^  r»    •'»'^^  '^  iTue  river  map  fVom  Lake  Huron  to  the  eastern  end  of  Lake  Ontario. 
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The  streams  ran  from  the  north  and  west  of  Lake  Huron,  south  etist ward 
towards  Goderich ;  thence  southward,  and  entered  the  Au  Sable  near  its 
northern  angle;  it  turned  eastward,  near  the  southern  angle  of  the  same 
river,  and  with  a  gentle  sweep,  haying  Vienna  on  the  left  and  Port  Stanley 
on  the  right  bank  (receiving  the  upper- waters  of  the  An  Sable  and  Thames 
as  tributaries),  it  i)assed  Long  point,  flowing  near  the  present  Canadian 
shore,  and  entering  the  Grand  river  (reversed)  south  of  Cayuga  ;  after- 
wards it  passed  down  the  Dundas  valley  towards  north-east,  into  the 
basin  of  Ontario,  and  then  along  the  foot  of  the  buried  Hudson  River  es- 
carpment to  near  Cswe^o. 

Along  its  course,  it  received,  probably,  a  small  stream  from  near  Detroit, 
the  Maumee,  Sandusky.  Chagrin,  Cuyahoga,  Grand  (of  Ohio,  and  its  tribu- 
tary, the  Mahoning),  Conneaut,  Allegheny,  and  other  rivers  from  the 
American  States,  and  afterwards  the  Genesee  and  various  other  streams  in 
its  course  through  the  basin  of  Ontario. 

The  rate  at  which  this  basin  was  excavated,  of  course  depended  on  the 
wear  of  the  limestone  rocks  after  entering  the  Grand  river.  But  as  this 
was  very  slow,  the  softer  shaly  rocks  would  gradually  be  worn  down,  and 
the  basin  of  these  lakes,  in  the  shaly  rocks,  across  their  beds,  would  be 
greatly  widened,  as  we  see  it. 

No  great  pitch  in  the  rivers  would  be  required  to  occasion  a  flow  of  the 
waters,  a  very  few  inches  in  the  mile  would  suffice.  If  we  observe  the 
deepest  portions  of  Lakes  Huron  and  Ontario,  we  have  a  diflerence  in 
altitude  of  360  feet  (both  being  below  sea-level)  in  400  miles  along  the 
route  indicated,  whilst  probably  there  were  lake-expansions  along  the 
course,  thus  causing  the  fall  to  be  confined  to  a  few  places,  especially 
through  the  Dundas  Valley,  in  the  form  of  a  series  of  rapids  after  the  cap- 
ping limestones  had  been  removed. 

Exca/oation  of  Lake  Basins.  Having  seen  the  course  of  the  Preglacial 
drainage,  let  us  ask  bow  the  broad  lake  troughs  could  be  excavated. 
First  let  us  look  at  Lake  Ontario. 

The  river  coming  down  the  Dundas  valley  flowed  originally  at  near  the 
out-crop  of  the  Niagara  limestones,  elevated  by  geological  causes  long  ago. 
The  direction  of  the  stream  was  parallel  to  its  trefld.  On  the  one  side, 
were  the  soft  Cambro-Silurian  shales,  geographically  higher,  geologically 
lower  ;  on  the  other  (southern)  side,  the  Niagara  limestones,  beneath  which 
were  the  soft  Medina  shales,  until  these  were  worn  away  in  part.  As  the 
shaly  rocks  were  removed  the  limestones  would  be  undermined, and  therefore 
we  had  the  Niagara  escarpment  produced.  How  far  these  limestones 
have  receded  towards  the  present  face  and  summit  of  the  slope,  is  a  question 
yet  to  be  decided.  As  the  waters  sunk  to  a  lower  level  a  second  escarpment 
was  produced  (the  one  noticed  at  Port  Dalhousie,  at  the  present  lake 
level).  Afterwards,  the  Hudson  River  shales  (with  some  hard  rocks)  were 
pierced,  whilst  yet  there  were  capping  Medina  shales,  forming  the  surface 
of  the  country  between  the  river  and  the  limestone  escarpment. 

All  this  presupposes  the  continent  at  a  higher  level  (at  least  between  five 
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and  six  hundred  feet).  Prof.  Dana  points  out  that  the  continent,  during 
at  least  the  Mesozoic,  if  not  the  Tertiary  times,  stood  at  an  altitude  equal 
to  this  measurement,  as  shown  by  the  soundings  at  the  mouth  of  the  Hud- 
son  river,  which  extends  80  miles  seaward  ;  and  Prof.  Hillgard  has  shown 
that  the  Mississippi  also  had  nearly  an  equal  elevation  above  that  of  the 
present  day. 

In  the  sketch  of  the  topography  of  Lakes  Erie  and  Huron,  we  have  seen 
that  the  whole  of  the  latter  lake  and  the  south-western  half  of  the  former 
are  excavated  mostly  out  of  softer  rock  ;  and  the  north-eastern  half  of  Lake 
Huron  is  excavated  along  the  junction  of  hanler  and  softer  rocks  similar 
to  Lake  Ontario. 

The  rate  at  which  these  upper  lakes  were  excavated  would  depend  on 
the  rate  of  the  excavation  of  the  Dundas  valley  and  its  extensions  through 
the  limestone,  at  first  by  a  slow  abrasion,  and  the  solution  of  the  carbonate 
of  lime  by  the  carbonic  acid  held  in  the  water,  and  afterwards  by  the  un- 
dermining of  the  hard  rocks  on  the  removal  of  the  Medina  shales. 

As  to  Georgian  bay  and  the  North  channel,  these  formed  independent 
valleys.  That  the  North  channel  is  excavated  out  of  the  Cambro- Silurian 
shales,  along  the  Junction  of  I^iagara  limestones  on  one  hand,  and  the  meta- 
morphic  rooks  on  the  other,  is  appai^nt  at  a  glance ;  as  we  see  that  the 
Spanish,  Mississagua,  Thessalon,  and  other  rivers  all  point  in  that  direc- 
tion. It  has  been  noticed  that  the  North  channel  has  the  same  depth  as 
the  deepest  outlet ;  and  also  that  the  deeper  portions  ol  the  nortliern  part 
of  Lake  Huron  are  in  that  direction.  An  appropriate  coincidence  is  that 
the  strait  between  Manitoulin  and  Cockburn  islands  should  be  called  Mis- 
sissagua, which  was  doubtless  the  ancient  outlet  of  that  river ;  and  False 
De  Tour  channel  that  of  the  Thessalon  river. 

Again,  Georgian  bay  Is  scooped  out  of  the  sofl  rocks  botweon  the  crystal- 
line rocks  on  the  east  and  the  Niagara  limestones  on  the  west  along  the 
line  of  Junction,  similar  to  the  North  channel,  or  to  Lake  Onttirio. 

The  Indian  peninsula  is  a  perfect  counterpart  to  the  Niagara  escarpment 
and  the  escarpment  submerged  beneath  Lake  Ontario.  For  here  the  I^i- 
agara  limestones  tower  more  than  800  feet  above  Georgian  bay,  whilst  at 
the  foot,  but  submerged,  there  is  a  precipitous  descent  of  500  feet  below 
the  surface  of  the  lake.  The  deepest  outlet  into  Lake  Huron  is  only  about 
800  feet.  Whether  this  is  filled  with  drift  deposit  or  not  we  cannot  say. 
One  thing  is  certain,  that  a  broad  depression  in  the  topography  of  the 
country  extends  all  the  way  fVom  tlie  southern  end  of  Georgian  bay,  in- 
cluding Simcoe,  Balsam,  Kice,  and  a  multitude  of  smaller  lakes  emptying 
into  the  bay  of  Quinte  by  the  Trent  river,  to  Lake  Ontario.  A  great  sys- 
tem of  drainage  did  exist  along  this  line.  According  to  Sir  William  Logan, 
this  trough  is  deeply  filled  with  drift.  Lake  Simcoe  is  180  feet  above  Geor- 
gian bay,  however,  and  the  height  of  land  in  the  trough  to  the  east  of  I^ake 
Simcoe  is  more  than  100  feet  higher.  It  may  be  said  that  this  trough  is 
bounded  by  a  ridge  (known  as  Oak  ridge)  which  is,  according  to  the  levels 
of  the  Toronto  and  Nippissing  railway,  808  feet  above  Lake  Ontario,  and 
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further  westward  to  about  the  same  height.  The  country  gradually  rises 
from  Lake  Ontario  to  this  ridge,  but  on  passing  the  summit,  i^  descends 
nearly  300  feet.  This  ridge  consists  of  drift  to  a  considerable  depth.  I 
have  several  profiles  across  it.  Tet  there  are  no  indications  that  the  rivers, 
such  as  the  Nottawasaga  and  others  flowing  northward  into  Georgian  bay, 
formerly  flowed  in  the  opposite  direction,  emptying  into  Lake  Ontario  by 
the  Humber. 

The  evidences  are  not  quite  clear  whether  the  Georgian  bay  always 
emptied  (except  when  the  waters  were  at  a  much  higher  level),  by  the 
present  outlet,  or  by  that  just  indicated.  But  from  the  soundings  I  am 
inclined  to  favor  the  present  route.  It  may  be  stated  that  the  writer  is 
assuming  too  frequently  that  the  present  soundings  are  some  criterions  of 
the  original  depths.  This  assumption  I  Iiope  to  prove  in  a  subsequent 
paper,  when  treating  of  the  drift  deposits,  and  feel  confident  that  outsido 
of  confined  channels  of  comparatively  narrow  width,  or  certain  bays,  that 
the  evidence  adduced,  with  regard  to  the  western  end  of  Lake  Erie,  holds 
still  nearer  to  the  truth  when  applied  to  the  more  northern  waters.  If 
Georgian  bay  were  so  filled  with  drift  we  ought  not  to  find  the  deep  es- 
carpment situated  so  close  to  Indian  peninsula. 

One  more  remark  is  necessary  with  regard  to  Georgian  bay  and  the 
North  channel, — ^that  is  concerning  the  deep  bays  or  fiords.  All  the  con- 
ditions for  the  making  of  fiords  as  noticed  under  Lake  Superior  exist  here. 
Owen  sound,  one  of  the  largest  of  those  fiords,  is  situated  at  the  junction 
of  the  Niagara  and  Hudson  River  Formations,  with  a  buried  channel 
emptying  into  it,  and  now  occupied  by  the  small  Sydenham  river.  At  any 
rate  the  flnviatile  origin  of  this  rivulet  is  unquestionable  (although  Mr. 
George  J.  Hinde  asserts  that  it  was  made  by  glacial  action),  after  the  study 
tliat  we  have  made  in  the  Dundas  valley.  The  buried  channel  of  the 
Sydenham  river  is  more  than  half  a  mile  wide  at  the  town  of  the  same 
name. 

Some  of  the  indentations  in  Manitoulin  island  were  probably  formed  by 
rivers  flowing  across  the  island,  but  were  closed  by  drift  in  portions  of  their, 
course,  thus  producing  the  lakelets  and  bays.  That  most  of  these  bays  are 
fiords  is  apparent,  as  is  also  proven  by  the  numerous  islands  north  of  Mani- 
toulin islands,  the  whole  being  a  perfect  counterpart  of  Puget  sound,  or  of 
the  fiords  of  the  Scandinavian  peninsula. 

Owing  to  the  much  greater  depth,  and  other  obstacles  of  the  present 
time,  it  does  not  seem  at  all  likely  that  Lake  Huron  ever  emptied  by. 
Georgian  bay,  excepting  possibly  at  the  close  of  the  great  floods  that  made 
the  whole  region  from  Huron  to  Ontario  one  body  of  water,  even  then  the 
present  topography  would  not  favor  it. 

The  Outlet  of  Lake  Ontario.  The  three  great  questions,  involved  in  the 
sub-aerial  and  fluviatile  origin  of  our  three  Great  Lakes,  are,  where  were  the 
outlets  of  Lake  Ontario,  Lake  Erie  and  Lake  Huron,  at  sufficient  depths  to 
drain  their  basins.  As  shown,  the  outlet  of  Lake  Erie  through  the  Dundas 
valley  is  sufficiently  deep  to  empty  the  two  upper  lakes.    Also,  the  outlet" 
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described  on  previous  pages  points  to  every  condition  necessary  to  Indicate 
its  deptli  as  being  sufficiently  great  to  empty  Lake  Huron,  altliougli  tlie 
actual  measurement  (on  the  north-east  side  of  the  channel)  has  only 
reached  to  200  feet  below  the  surface  of  Lake  Erie,  with  a  bottom  com- 
posed  of  soft  shales.  There  now  remains  one  other  question  to  be  an* 
Bwered,  but  certainly  one  of  no  greater  moment  than  the  ancient  connection 
between  Lakes  Erie  and  Ontario — the  outlet  of  Lake  Ontario. 

Dr.  Newberry,  at  times  a  glacialist,  finally  appears  to  advocate  the  glacial 
excavation  of  the  lakes  after  their  courses  had  been  determined  by  river 
action.  Various  writers  for  the  last  twenty  years  have  referred  to  the  deep 
buried  channel  near  Lake  Onondaga,  more  than  400  feet  below  its  surface, 
as  indicating  the  former  outlet  of  Lake  Ontario  by  this  route,  and  down  the 
Mohawk  to  the  Hudson  river.  This  course  will  not  answer,  as  the  Geo- 
logical Survey  of  Pennsylvania  has  shown,  for  at  Little  Falls,  Herkimer 
county,  the  liiohawk  flows  over  metamorphic  rock.  Various  fluvialists 
refer  some  buried  route  by  the  St.  Lawrence.  This  seems  scarcely  possible, 
as  that  great  river  flows  over  hard  rocks  at  various  points  for  200  miles  east- 
ward of  Lake  Ontario,  unless  the  outlet  existed  somewhere  between  Kings- 
ton in  Canada,  and  Oswego  in  New  York,  and  continued  in  a  buried  course 
through  crystalline  rocks  (in  part)  to  eastward  of  Montreal.  The  north- 
eastern portion  of  Lake  Ontario  is  very  shallow,  and  the  deepest  channel 
points  to  the  south-eastward  extremity  of  the  lake. 

At  the  present  time  the  writer  knows  nothing  positively  of  the  most 
probable  outlet,  as  Umt  by  the  Mohawk  will  not  answer.  Yet  lie  will  pre- 
dict that  its  outlet  will  be  found  as  certainly  as  the  one  between  Lakes 
Erie  and  Ontario,  of  which  there  was  no  clue,  or  even  suggestion  until 
working  up  the  origiili  of  the  Dundas  valley.  One  other  route  presents 
itself,  but  as  positive  proof  is  not  at  hand,  I  will  defer  theorizing. 

The  Geological  Survey  of  Pennsylvania  has  shown  that  many  of  the 
water  courses,  emptying  southward  at  the  present  time,  formerly  emptied 
to  the  northward.  In  New  York,  we  find  most  of  the  small  lakes  of  narrow 
but  long  dimensions  having  their  axis  in  a  meridional  direction.  Also, 
these  waters  are  generally  along  some  stream  flowing  northwaixi  into  Lake 
Ontario  even  at  the  present  time.  Though  the  bottoms  of  these  lakes  are 
frequently  below  the  sea  level,  yet  in  no  case,  that  I  am  aware  of,  are  they 
nearly  as  deep  as  Lake  Ontario.  Doubtless  these  small  lakes  were  former 
expansions  of  the  rivers  running  into  Lake  Ontario  in  Preglacial  times,  and 
owe  to  ice,  simply,  the  closing  of  their  outlets  by  drift. 

No  local  land  oicillaU'ona  apparent  I  agree  with  Mr.  Carll  that  there 
are  no  indications  of  loctU  oscillations  in  the  region  of  our  lower  great 
lakes,  at  least  to  account  for  any  changes  in  the  drainage  systems.  It 
has  been  a  popular  idea  that  the  coast  of  New  England,  even  at  the  present 
time,  is  sinking.  If  so,  any  changes  must  be  very  slow,  for  Mr.  Henry 
MitclioU,  of  the  United  States  Coast  Survey,  shows  (in  appendix  8  of  re- 
port for  1877),  that  the  whole  north-eastern  coast  of  the  United  States  has 
undergone  no  change  of  level  during  the  last  hundred  ycai*s. 


Spencer.]  w4:  [March  I8i 

Dept?i$  of  the  lakes  cannot  be  accounted  for  by  the  relatively  higher  elevctHone 
of  northern  latitudes.  In  the  first  place,  Lake  Ontario  has  a  bottom  very 
much  deeper  (below  the  sea),  than  even  the  deepest  sounding  in  Lake  Sa- 
perior.  or  500  feet  below  sea-level. 

If  a  sufficient  elevation  did  occur,  it  would  require  to  be  local,  or  to  ex- 
tend  far  to  the  southward.  That  it  was  not  local  appears  from  the  general 
dip  of  rocks  in  which  it  lies.  ^ 

However,  any  continental  elevation  or  subsidence  occasioned  by  the 
change  of  the  centre  of  gravity  of  the  earth,  such  as  that  by  the  great  ac- 
cumulation of  ice  in  the  polar  regions,  would  be  equal  to  the  elevation  or 
subsidence  at  the  pole  multiplied  by  the  sine  of  the  latitude.  From  this 
we  find  that  if  the  elevation  at  the  poles  were  a  thousand  feet,  the  differ- 
ence between  the  elevation  or  subsidence  of  the  northern  end  of  Lake 
Huron  and  the  Dundas  valley,  would  be  equal  to  only  about  40  feet.  Even 
were  the  ice>cap  uniform  around  the  poles,  it  has  never  been  calculated 
that  it  was  sufficient  to  cause  a  polar  difference  of  8000  feet  of  level,  which 
at  most  would  effect  the  relative  levels  of  the  northern  end  of  Lake  Huron 
and  the  southern  latitude  of  Ontario  to  no  greater  extent  than  120  feet. 
Again,  it  is  shown  by  Prof.  Whitney,  that  no  ice  cap  occupied  north-western 
America,  and  by  the  author  of  ''Fire  and  Frost "  (see  Q.  J.  G.  S.),  that  the 
ice-belt  is  only  known  to  have  surrounded  the  region  of  northern  Atlantic.  ^ 

The  greatest  changes  of  level  by  the  accumulation  or  removal  of  ice  would 
thus  be  occasioned  aUmg  the  north-eastern  margin  of  America  in  the 
region  of  the  Appalachian  and  Laurentian  mountains.  If  the  continent 
continued  high  during  the  Ice  Age,  the  coastal  ranges  would  cut-off  most 
of  the  moisture,  and  thus  greatly  lessen  thie  thickness  of  any  ice  sheet  over 
the  region  of  the  great  lakes,  if  it  ever  did  exist.  This  is  exactly  the  state 
of  the  ice  in  Grinnell  land  (Lat.  81°  N.).  Messrs.  Fielden  and  Ranee,  ob- 
served ''the  paucity  of  glaciers,  and  the  non-existence  of  the  ice-cap,'' 
(Q.  J.  G.  S.,  No.  135),  and  state  that  no  glaciers  descend  to  the  level  of  the 
sea,  as  on  the  Greenland  coast  or  Hall  basin. 

The  idea  of  the  lake  basins  being  greatly  effected  by  oscillations  must  be 
abandoned,  except  so  far  as  the  whole  area  was  subject  to  a  more  or  less 
uniform  change  acting  proportionably  on  the  eastern  and  central  parts  of  ^ 

the  continent.  Even  then,  the  change  was  far  too  little  to  explain  the 
depths  of  these  waters.  Another  evidence  against  the  irregular  changes 
of  the  lake  region  is  that,  at  the  close  of  the  Ice  Age  we  have  terraces  in 
Canada  a  thousand  feet  or  more  above  the  sea,  and  at  various  levels  all  the 
way  to  the  present  surfaces  of  the  waters.  Terraces  or  ridges  occur  at 
similar  heights  in  our  country,  Ohio,  New  York  and  elsewhere.  In  a  sub- 
sequent paper  the  writer  hopes  to  show  the  relation  existing  between  these 
old  beaches,  terraces  and  kames,  deposited  when  our  three  lakes  formed  one 
common  body  of  water.  That  this  water  had  numerous  outlets,  as  the  con- 
tinent was  rising,  has  been  pointed  out  by  the  Geological  Survey  of  Ohio, 
to  say  nothing  of  the  outlets  referred  to  by  the  Surveys  of  Pennsylvania 
and  Canada.    At  only  a  comparatively  few  levels  did  the  waters  seem  to 
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lin|{er,  as  the  lower  lake  region  was  being  desiccated,  and  therefore  we  do 
not  find  continuous  shore  lines  between  many  of  the  beaches ;  Carll  ex- 
plains  this  by  the  waters  being  frequently  lowered  by  dSbAclea,  apparently 
an  adequate  reason. 

Niagara  Riwr,  Tliat  the  Niagara  river  is  Postglacial,  at  least  ttom  the 
Whirlpool  to  Queenston,  is  apparent.  It  is  known  that  the  Niagara  river 
formerly  left  Its  present  course  near  the  Whirlpool  and  flowed  down  the 
valley  of  St.  David,  which  is  now  filled  with  drift.  This  valley  (through 
the  limestone  escarpment)  is  not  so  great  as  the  present  canon*  This  buried 
valley  of  St.  David  could  only  have  been  produced  after  the  closing  of  the 
Dundas  valley  outlet  of  the  Erie  basin,  for  until  then  the  waters  flowed  at 
a  very  much  lower  level.  Therefore,  It  seems  necessary  to  regard  this 
channel  (not  of  very  great  magnitude)  as  an  Interglaclal  outlet  for  Lake 
Erie. 

The  geologists  of  the  Western  States  point  to  the  Forrest  bed  as  a  period 
of  high  elevation,  preceded  by  the  Erie  clay  (stratified)  and  succeeded  by 
the  yellow  stratified  clays  or  loam,  corresponding  to  the  Bmwn  Sangeen 
clay  of  Canada,  which  is  unconformable  to  the  underlying  Erie  clays  (or 
Boulder  clay  In  the  upper  portion  of  the  Dundas  valley).  So,  for  the 
present,  we  look  upon  the  old  course  of  the  Niagara  river  as  tlie  chan- 
nel excavated  during  this  warm  Interglacial  period. 

Jfypothetieal  Glacier  Origin  of  the  Lakes,  The  writer,  having  pur- 
posely left  the  hypothesis  that  the  lakes  were  excavated  by  glaciers  until 
now,  will  briefly  examine  what  evidence  is  existing.  One  cannot  do  better 
than  give  a  summary  of  what  Prof.  Whitney  (in  Climatic  Changes)  says 
with  regard  to  the  erosive  iwwer  of  ice.  **  Ice  jwr  ee  has  no  erosive  power. ** 
Glaciera  are  not  fVozen  to  their  beds.  Ice  permeated  with  water  acts  as  a 
flexible  body  and  can  flow  accordingly.  In  neither  the  extinct  glacier 
regions  of  California  nor  in  the  shrunken  glaciers  of  the  A\\ys  will  it  be 
found  tliat  ice  scoops  out  channels  with  vortical  sides  as  water  does. 

"No  change  of  form  can  be  observed  at  the  former  line  of  ice.  Aside 
ftrom  the  moralnio  accumulations,  there  is  nothing  to  prove  the  former 
existence  of  the  glacier,  except  the  smooth,  polished  or  rounded  surfaces 
of  the  rocks,  which  have  no  more  to  do  with  the  general  outline  of  the 
cross-section  of  the  valley  than  the  marks  of  the  cabinet-maker's  sandpaper 
liave  to  do  with  the  shape  and  size  of  the  article  of  ftirnlturo  whose  face  he 
has  gone  over  with  that  material.*' 

The  most  important  work  of  a  glacier  Is  the  scratching  and  grooving  of 
surfaces.  This  may,  however,  be  done  by  dry  rubbing,  and  therefore 
Isolated  scotched  stones  or  (vatches  are  no  evidence.  The  underlying  rock 
aurfkces  may  lose  their  sharpness,  owing  to  contained  detritus  In  the  ice, 
and  become  rounded.  The  ground  moniiuo  is  neither  characteristic  nor 
im|X)rtant.  There  Is  but  little  detrltal  material  beneath  Alpine  glaciers, 
and  this  Is  the  result  of  water  mora  than  Ice.  The  only  chamcterlstlcs  of 
ice  action  are  striatlon  and  polishing.  All  floating  ice  shod  with  stones 
fh)zen  in  them  will  scratdi  surfaces  over  whloli  they  rub.    The  only  gla- 
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cial  lakes  that  arefonned  are  those  where  pre-existiag  valleys  have  been 
closed  by  morainic  matter,  but  the  waters  will  soon  reopen  these  dams  by 
running  over  them. 

Such  are  the  deductions  of  the  late  Director  of  the  Geological  Survey  of 
California,  a  man  who  has  had  opportunities  for  studying  the  action  of 
glaciers  better  than  most  geologists  in  America.  So  far.  Prof.  Whitney's  in- 
vestigations are  applicable  to  our  great  lakes,  though  I  do  not  agree  with 
him  that  some  of  them  occupy  geological  valleys  (unless  possibly  Lake 
Superior). 

Mr.  George.  J.  Hinde,  F.  G.  S.,  one  of  the  few  geologists  who  has  writ- 
ten from  a  Canadian  standpoint,  is  an  uncompromising  glacialist.  Because 
he  has  seen  scratches  in  the  north-eastern  end  of  Lake  Ontario,  and  also 
others  in  a  similar  direction  at  the  western  end  of  the  lake,  therefore  he 
asserts  that  Lake  Ontario  was  excavated  by  a  glacier.  Dr.  Newberry  ac- 
cepts his  statement  as  proof,  but  considers  that  a  Preglacial  valley  deter- 
mined the  direction  of  the  continental  glacier. 

Mr.  Hinde  also  asserts  his  belief  that  the  buried  valley  of  the  Niagara 
river  (by  way  of  St.  David's)  as  also  the  valleys  at  Dundas  and  Owen  sound, 
are  of  glacier  origin.  We  have  proved  in  this  paper  incontrovertibly  tliat 
the  Dundas  valley  is  a  buried  river  channel.  Also  it  has  been  seen  that 
Owen  Sound  and  the  St.  David's  valley  are  both  beds  of  Preglacial  or  In- 
terglacial  rivers. 

Let  us  analyze  the  direction  ot  the  ice  scratches  in  the  neighborhood  of 
the  western  end  of  Lake  Ontario.  I  have  not  seen  any  (out  of  very  many 
sets),  that  is  parallel  with  the  axis  of  either  the  Dundas  valley  (except poMt- 
bly  one  polished  surface  in  the  valley) ,  or  the  axis  of  the  lake,  but  always 
at  considerable  angles.  In  the  region  of  Kingston,  the  prevailing  scratches 
are  S.  45°  W.  (Bell)  and  some  others  at  S.  85°  W,  neither  of  which  direc- 
tions are  parallel  with  the  axis  of  the  lake.  Granted  that  Mr.  Hinde 
observed  scratches  that  were  parallel  with  the  axis  of  the  lake,  they  of 
necessity  would  have  been  at  an  angle  with  the  submerged  escarpment.  If 
any  glacier  could  have  scooped  out  the  basins  of  Lake  Ontario,  it  left  the 
summit  edges  of  the  Niagara  escarpment  as  sharp  as  possible,  and  not 
planed  off.  Also,  if  it  excavated  the  deep  trough  of  the  lake,  it  left  a  sum- 
mit of  soft  Medina  shales  over  the  harder  Hudson  River  rocks  of  the  sub- 
merged escarpment,  beneath  which  are  Utica  shales.  From  Dundas  to  the 
Georgian  bay  the  face  of  the  escarpment  (Niagara)  is  less  abrupt,  but  even 
here,  there  has  not  been  left  more  than  50  feet  of  drift  at  its  foot,  and  this 
mostly,  if  not  altogether,  stratified  (excepting  in  channels  now  buried). 

The  observations  of  Prof.  Prof.  H.  Y.  Hind,  on  the  coast  of  Labrador, 
are  here  interesting.  He  has  shown  that  pan  ice,  at  the  present  time,  is 
polishing  the  sides  of  clifiTs,  and  has  been  continuing  its  action  whilst  the 
coast  has  been  rising  several  hundred  feet.  Even  under  the  ledges  of  over- 
hanging rocks  the  action  is  now  going  on  (a  phenomenon  which,  if  in  the 
lake  region,  would  be  attributed  to  glaciers).  Also,  he  has  seen  boulder 
clay  being  formed  at  the  present  time  by  the  action  of  pan  ice  (frozen  sea- 
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water).  This,  with  a  thickness  of  eight  or  ten  feet  gets  piled  up  by  the 
action  of  waves  and  wind,  and  consequently  in  the  hays  of  the  coast  of 
Labrador  it  polishes  rock  bottoms  to  a  depth  of  fifteen  feet  or  more,  below 
the  surface  of  the  water,  and  grinds  off  rougli  surfaces.  I  liave  fh^quently 
seen,  myself,  in  northern  regions,  high  boulders  transported  by  the  ice  to 
which  they  were  fh)zen  in  the  margin  of  small  lakes. 

From  what  has  been  written,  it  seems  to  the  writer  that  the  glacial  origin 
of  Lake  Ontario  does  not  rest  on  a  single  basis  flirther  than  that  ice  scratch- 
lugs  (producible  by  either  glaciers  or  icebergs,  neither  of  which  need  be 
great  erosive  agents)  are  seen  at  various  places  about  Lake  Onttirio,  both 
above  and  below  the  water-level.  Tlie  remarks  applied  to  Lake  Ontario 
hold  good  for  the  other  lakes.  The  description  of  their  topography 
strengthens  the  proofs  that  their  origin  cannot  be  accounted  for  by  glaciers, 
because  we  find  the  islands  at  the  western  end  of  Lake  Erie,  or  northern 
end  of  Lake  Huron,  polished  and  striated. 

Before  closing,  permit  me  to  thank  those  railway  companies  which  have 
kindly  fhrnished  me  with  many  levels.  But  in  doing  this,  I  may  sttite  that 
it  is  my  purpose  to  make  further  requests  and  hope  to  do  for  Ontario,  what 
the  Pennsylvania  Survey  has  done,  in  collecting  all  levels  that  bear  on  the 
topography  of  my  native  Province,  in  order  to  make  a  more  complete  study 
of  the  Preglacial  drainage  of  the  great  lake  region. 


Oeoloffkal  Section  at  8t  Mary* 9,  Blk  County t  PtnMyloania,    By  Charles 

A,  Aahburtier^  M,  8, 

(Read  btfare  t?ie  American  Philoeophieal  Society,  March  18,  1881.) 

Introduction,  Probably  no  locality  within  the  Bituminous  Coal  Fields 
of  Pennsylvania  has  had  so  many  and  such  conflicting  re|M>rts  published  on 
its  coal  geology  as  the  counties  of  McKean  and  Elk.  llad  these  reports 
been  made  with  the  desire  of  merely  collecting  facts,  and  of  showing  their 
true  correlation,  we  would  no  doubt  long  before  now  have  reached  the 
truth  in  regai'd  to  the  systematic  geology  of  the  cot\l  measures ;  unfortu- 
nately for  science,  for  the  geologist  and  the  capitalist,  most  of  the  indi- 
vidual investigators  have  been  biassed  and  prejudiced  in  their  studies,  by 
a  natural  desire  to  find  favorable  facts,  fVom  which  to  deduce  conclusions 
enhancing  property  values.  In  many  cases  true  facts  have  been  presented, 
but  as  a  rule  they  have  not  been  sufficiently  numerous  firom  which  to  draw 
conclusions  of  a  correctness  beyond  question  or  doubt. 

As  wo  look  back  over  the  varied  history  of  this  region  during  the  past 
twenty  years,  examine  the  reports  which  have  been  made,  both  privately 
and  publicly,  note  the  mineral  development  of  the  region,  consider  the  re- 
suits  attained,  estimate  the  profit  and  loss  in  money  value,  and  count  the 
benefits  accruing  to  the  laud  owner,  the  county  and  Commonwealth, 
the  picture  presented  Is  unsatisfactory.    The  steady,  ))ermanent  develop- 
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raent  of  the  coal  fields  has  been  miBdirected,  and  consequently  retarded. 
Investments  have  too  often  met  with  disappointment,  followed  by  failures. 

A  geologist  cannot  manufacture  good  coal  beds  or  purify  poor  ones ;  and 
he  steps  beyond  his  professional  bounds  as  a  practical  geologist  when  he 
attempts  aught  else  than  the  discovery  of  facts  and  their  true  economical 
interpretation. 

If  there  are  any  advantages  to  property  holders  to  be  derived  from  too 
favorable  and  rose-colored  reports,  they  are  certainly  only  immediate  and 
are  insignificant  in  comparison  with  the  more  permanent  ones  resulting 
Arom  true,  unbiassed  and  less  favorable  reports. 

I  have  prefaced  my  paper  with  these  remarks,  because  the  results  of  my 
examinatioDs  in  the  counties  mentioned  have  two  direct  and  important  but 
quite  independent  bearings ;  one  is  purely  commercial  in  its  aspects,  as  it 
interests  and  affects  the  land  owner  and  coal  operator ;  the  other  belongs  to 
the  province  of  pure  geology  concerning  only  the  geological  investigator 
and  student 

It  is  my  present  purpose  to  merely  describe  a  new  interpretation  which 
I  have  made  of  the  stratification  in  the  vicinity  of  St.  Mary's,  Elk  County, 
and  to  indicate  its  bearing  upon  the  systematic  geology  of  other  portions  of 
the  district. 

Statement — The  detail  geology  of  McKean  has  already  been  published  ^ 

in  report  R  of  the  Geological  Survey ;  that  of  Elk  will  be  found  in  connec- 
tion with  the  geology  of  Cameron  and  Forest  in  the  forthcoming  report  RR. 

The  local  geologists  of  Elk  County  generally  consider  the  coal  measures 
in  the  vicinity  of  St.  Mary's  to  be  low  in  the  series ;  whereas  I  make  them 
to  include  tlie  representatives  of  the  Lower  Freeport,  Eittaning,  Clarion 
and  Mercer  (or  Alton)  coal  groups. 

I  fully  realize  the  fact  that  I  am  making  a  statement  which  is  directly 
opposed  to  the  general  views  held  in  regard  to  the  nomenclature  of  the 
St.  Mary's  coal  beds.  But  the  most  important  and  difficult  problem  which 
I  have  had  to  deal  with,  has  been  the  identification  of  the  coal  rocks  ;  and 
the  conclusions  which  are  now  advanced  have  only  been  reached  after 
a  careful  detail  study  of  the  coal  basins  of  McKean,  Cameron,  Elk  and 
Forest  counties.    A  great  many  observations  have  been  made  in  adjoining  J 

counties  in  order  to  confirm  the  work,  and  connect  it  with  that  done  by 
other  survey  assistants  in  adjoining  fields. 

The  fact  that  a  rock  section  contains  the  representatives  of  certain  well 
known  and  establislied  groups,  does  not  necessarily  imply  that  each  group 
has  a  well  defined  representation  of  the  individual  beds  which  characterize 
it  at  the  place  of  its  best  development.  The  special  features  which  have  de- 
termined the  naming  of  the  sub-groups  of  the  coal  measures,  at  their  typical 
locality,  may  be  wanting  at  many  places  where  the  occurrence  of  the  group 
itself  can  alone  be  determined  by  a  comparative  study  of  the  entire  forma- 
tion. 

From  the  fact  of  the  St.  Mary's  section  containing  the  rocks  of  four  of 
the  principal  groups  of  the  Lower  Productive  coal  measures  in  the  State, 
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tho  natural  inference  would  be  that  a  number  of  valuable  workable  bods 
should  be  found  here,  out  of  the  eight  beds  which  these  groups  general!)" 
embrace,  and  which  have  proved  so  productive  in  other  portions  of  Penn- 
sylvania. The  fkct  is,  however,  that  at  St,  Mary^s  only  one  coal  bed  has 
as  yet  been  found*  of  sufficient  purity  and  thicknessf  to  be  profitably 
mined  owr  any  eoMidirable  area.  This  bed  is  the  Dagus  or  Lower  Kit- 
tanning  coal  bed. 

But  besides  this  bed  the  St.  Mary's  section  contains  representatives  of 
the  Upper  and  Middle  Kittanning,  tho  Clarion  and  Mercer  coal  beds ;  and 
the  ground  at  the  Patton  Hill  near  the  west  mine  of  the  St.  Mary's  Coal 
Company  is  high  enough  to  contain  a  very  small  area  of  the  Fi*ecport 
Lower  coal,  although  it  has  not  been  dlscoverod. 

The  following  is  a  general  section  of  the  coal  measures  in  the  vicinity  of 
St.  Mary's,  compiled  fVom  &cts  obtained  within  a  radius  of  one  and  a  half 
miles  of  the  Philadelphia  and  Erie  railroad  station.  For  the  sake  of  com- 
pleteness I  have  added  to  this  section  the  record  of  the  drill  tiole  of  the  St. 
Mary's  Oil  Company,  making  in  all  nearly  a  half  mile  of  vertical  thickness 
of  rooks  whose  character  is  actually  known  : 

Elk  County  Section  ;  at  St,  Mary's. 

1.  Gray  sandstone,  shale  and  slate 67 

2.  Coal,  Kiitanning  Upper 8' 

8.  Sandy  shale  and  slate 88' 

4.  Coal,  Kittanninff  MiddU 1' 0^' 

6.  Sandstone  and  shale 55' 

0.  Coal,  Dague,  Kittanning  Lower 8' 

7.  PireclayJ 8' 

8.  Shale 17' 

9.  Coal 1'4" 

10.  Sandstone  and  shale 10' 

11.  Limestone  and  shale,  Clermont^  Ferrtferoue 10' 

12.  Shale 18' 

18.  Coal 5" 

U.  Shale 16' 

15.  Coal,  Olermont,  Clarion 2' 

16.  Sandstone  and  shale,  Johnson  run  S.  S 82' 

17.  Coal,  Alton  Upper 2' 7" 

18.  Shale / 18' 

*The  Clermont  or  Olarlon  bed  hRR  been  worked  to  a  limited  extent  on  the 
Monastery  lands  east  of  Silver  oreek,  about  three>quar(«r8  of  a  mile  north- 
west of  the  St.  Mary's  railroad  station. 

fThe  degree  of  purity  and  extent  of  thickness  neoessary  to  oonstUnte  a  work- 
able, marketable  ooal  bed«  are  purely  ai'bitrary,  and  their  values  are  dependent 
upon  oommeroial  questions. 

$  A  flreolay  bed  invariably  forms  the  floor  of  all  our  bituminous  ooal  seams. 
They  have  not  been  noted  in  the  section  except  where  their  thickness  has  been 
determined;  Inmost  oases  they  have  been  Included  in  the  rook  Interval  be« 
ueath  each  coal  bed. 
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10.  CMi^  Alton  Lower. 8' 

80.  Sandstone,  KiNZNA  CRXBK  S.  S • 45' 

21,  ShftleandCoal 10' 

99.  Sandstono  and  conglomerate,  Olkan  conolombr- 

ATB 50' 

98.  Slate,  sometimes  containing  a  coal  bed  9'  thick... .  10' 

«...  i 

Total 406'  I 

94.  Qrit,  day  and  gravel  (top  of  St.  Mary*s 

drill  hole) 18'  to     18' 

95.  Sand 18'  *'     50' 

90,  Interval 45'  •«      95' 

97.  Sand 9ft'"    190' 

98.  Interval 140'  «*    960' 

99.  Sand 16'  «•    976' 

80.  Interval 194'  •«  400' 

81.  Sand 90'  *•  490' 

89.  Interval 905'  *•  695'  . 

88.  Red  shale,  sandstone  and  slate 885'  **  060' 

84.  Interval 19'  •«    079' 

85.  Sand 40'  ••  1091' 

86.  Interval 860'  "  1890' 

87.  Kedsandstone 95'  *'  1415' 

88.  Interval 85'  "  1450' 

80.  Reddlsli  rock 5'i**  1455' 

40.  Interval 915'  ••  1670' 

41,  Sand 44'  •*  1714' 

49.  Gray  and  black  slate,  containing  shells  and 

streaks  of  rod 986'  ••  9000' 

48.  Fine  bluish-white  sand 10'  <*  9010' 

The  record  of  the  well  is  given  Just  as  it  was  rei^orted  by  Mr.  W.  W. 
Ames,  who  had  copied  it  Arom  the  driller's  book.  The  undescribed  inter- 
vals contidned  generally  gray  slate. 

A  small  ga9  v$in  was  struck  at  a  depth  of  550  Ibot ;  at  079  feet  a  very  ^ 

much  larger  one  was  found.  At  a  depth  of  450  feet  and  1090  (bet  salt 
water  was  encountered.  The  geological  horizon  of  the  Bra^ord  Oil  Band 
is  at  least  950  feet  below  tlte  bottom  of  the  St  Mary's  test  well. 

The  section  may  be  grouped  into  fbrmations  as  follows : 

Carbonifbhous  Agb. 

XIII.  Lower  productive  Coal  Measures  (1  to  15  incl.)..  935' 

XII.    Pottsville  conglomerate  (16  to  99  incl.) 161' 

XL      Mauch  Chunk  shale  (3a) 10' 

X.       Pocono  shales  and  stmdstonos  (94  to  89  incl. ) . . . .  695' 

Total 1081' 
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Devonian  Age.* 

IX.      CaUkill  sandstone  and  shale  (88) 885' 

VIII.  Chemung  shale  and  sandstone  (84  to  48  Incl.). . .  1050^4- 

Total 1885' 

Total  of  known  rocks 2416' 

Lo%Mr  Productive  Coal  Meaiures, 

This  group,  which  Is  285  feet  thick  at  St.  Mary's*  contains  only  one  coal 
bod  which  has  proved  productive  to  any  great  extent. 

The  rocks  of  interval  No.  1  of  the  section  form  the  top  of  the  Patton 
Hill  and  include  the  Fhkeport  sandstone  and  possibly  the  Fretport  lifM- 
stone  and  Freepori  Lower  coal  bed^  although  neither  of  the  latter  have  been 
discovered.  Ten  miles  south-west  of  St.  Mary's  the  Freeport  limestone  is 
only  40  feet  above  the  Klttannlng  Upper  coal,  and  the  Freeport  Lower  coal 
is  only  50  feet  above  the  same  bod  ;  at  St.  Mary's  the  top  of  tho  hill  is  67 
feet  above  tho  latter.  The  total  absence  of  the  Freeport  coal  and  limestone 
here,  argues  either  a  disappearance  of  the  beds  to  the  north-east  or  a  con- 
siderable thickening  of  the  Freeport  sandstone  in  the  same  direction. 

The  Kittanning  Upper  coal  (stratum  2)  is  reported  to  have  been  found 
in  a  well  dug  near  Patton's  house.  This  is  the  only  place  in  the  township 
whore  it  has  been  found.  The  bed  is  said  to  bo  8  feet  thick,  but  has  never 
been  thoroughly  tested. 

The  Johnstown  cement  bed  which  occurs  between  the  Kittanning  Upper 
and  Middle  coals  has  not  been  found  ;  it  is,  however,  well  defined  in  the 
sections  of  Fox  and  Ilorton  townships,  to  the  south-west. 

The  Kittanninny's  Middle  coal  (stratum  4),  has  been  found  on  the  Cascade 
Mining  Company's  tract  (Kaul  and  Hall).  It  is  only  18  inches  thick  and 
not  workable. 

The  Dagus  or  Kittanning  Lower  bed  (stratum  6),  is  the  principal  and  most 
important  coal.  It  has  been  worked  in  tho  mines  of  the  St.  Mary's  Coal 
Company,  Cascade  mines,  Tannerdale  mines.  Keystone  mines  and  has  been 
opened  and  tested  on  a  number  of  other  properties. 

This  bed  is  without  doubt  the  same  as  that  which  is  mined  by  the  North- 
western Mining  and  Exchange  Company  near  Centerville,  and  which  is 
locally  called  "C  "  bed  and  the  "Gas  Vein,"  which  has  been  opened  by 
Genl.  Kane  on  the  Roberts  lot  in  Jones  township. 

Objections, — Local  geologists  have  always  considered  the  St.  Mary's  bed 
to  be  very  much  inferior  to  those  two  latter  seams.  This  conclusion,  although 
unquestionably  tklse,  has  been  based  upon  three  very  significant  facts : 

First*  Tho  St.  Mary's  bed  is  found  at  a  very  much  lower  lovel  than  either 
the  **Gaa  Vein  "  or  the  **  C  "  bed  at  Contervllle. 

jSecond,  No  limestone  is  found  under  the  St.  Mary's  bod  to  correspond 

*Tho  Devonian  Age  here  !■  made  to  Inolude  the  CatsklU  fbrmatlon,  In  order 
to  agree  with  the  accepted  division  of  the  Paleeoiolo  Period  In  the  Penna.  Sur- 
vey reports.  I  believe,  however,  that  the  OatsklU  rooks  are  of  Carboniferous 
Age, 
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with  that  fonned  at  Gknl.  Kane^s  quarry  40  feet  under  the  "gas  vein'*  or 
40  feet  below  the  •*  C  *'  bed  on  Toby  creek. 

Third.  The  St  Mary's  bed  is  rustier  in  appearance  and  does  not  produce 
as  rich  a  coal  as  either  the  *•  gas  vein  **  or  *•  C  **  bed»  at  the  same  time  the 
floor  and  roof  of  the  three  beds  differ  materially  in  the  three  localities. 

Although  these  are  pointed  and  pertinent  objections  against  the  indenti^ 
of  Uie  three  beds,  I  have  not  found  any  fticls  to  sustain  them ;  to  the  contrary^ 
the  weight  of  evidence,  when  carefVilly  considered,  is  directly  In  support  of 
the  conclusion^  which  after  fbur  years  of  field  work  I  have  no  hesitancy  in 
asserting,  that  the  t»oal  bed  mined  by  the  St.  Mary's  Coal  Company,  by  the 
North- Western  Mining  and  Exchange  Company  and  which  has  been  opened 
on  the  Roberts  lot  above  the  limestone,  is  in  every  case  the  representative 
of  the  Lower  EittAnning  coal  beiU 

Dtm0Hatnition.—li  is  impossible  to  give  as  many  fiiicts  to  prove  my 
position  in  this  paper  as  I  shall  present  in  the  publisheil  volume  of  the 
survey,  but  I  think  I  can  answer  tlR'se  objections  in  a  way  satisfactory 
both  to  myself  and  reader. 

1.  The  fbllowing  elevations  above  tide  will  show  the  relative  heights  of 
the  bed  in  the  three  localities : 

At  St  Mary's  it  is lTi5  feet 

•NearCentervilleitis 1885    «•  f 

On  the  Roberts  lot  it  is 1975    •• 

These  three  places  are  in  three  different  and  quite  independent  coal 
basins,  and  it  would  be  unnatural  that  there  should  be  any  fixed  or  definite 
relationship  existing  between  their  heights.  The  Roberts  lot  is  in  the  Fifth 
Bituminous  coal  basin  and  this  is  separated  by  a  high,  broad  anticlinaK 
running  in  a  north-east  and  north>west  direction,  east  of  Ridgway,  fVom  the 
Fourth  Basin  in  which  St  Mary's  and  Centervllle  are  located.  The  mines 
at  these  two  latter  places  are  in  different  sub-^ivisiofM  of  om  main  a^fntlinah 

I  think  every  one  acquainted  with  the  facts  in  the  vicinity  of  St  Mary's 
and  Centerville,  will  recognize  the  fact  that  between  the  east  and  west 
mines  of  the  St  Mary's  Coal  Company  there  is  a  synclinal  axis  having  a 
north-east  and  south-west  direction,  and  that  the  head  waters  of  Toby 
creek  near  the  mine  marks  nearly  the  position  of  another  synclinal  axis ; 
that  these  two  axes  are  not  continuations  of  one  another  would  be  evident 
to  any  one  studying  the  facts  careflilly  on  the  ground. 

I  am  aware  that  this  latter  conclusion  will  be  vigorously  opposed,  but  I 
Iwlleve  it  cannot  be  alwolutely  denied  until  more /ttc(«  are  brought  forward 
to  oppose  it  than  I  have  to  confirm  It. 

d.  In  regaitl  to  the  limtatonefi  it  seems  to  Ixn  quite  certain  that  the  lime- 
stones and  shales  ront posing  an  interval  of  30  feet,  40  feet  below  the  '*gas 

•  Head  of  Toby  creek.  Th©  same  ooal  is  1822  feet,  }i  mil©  nortli  of  the  Center- 
vllle Rtore. 

t  On  a  profile  Just  received  from  Mr.  Oliver  W.  Barnes,  the  approximate  eleva- 
tion of  the  coal  bed  at  the  mine  of  the  North^Westei n  Mining  and  Exchange 
Company  In  stiUed  to  be  1779  n?et  The  elevation  here  given  (1835*)  Is  based  upon 
the  elevation  of  the  road  at  Centervllle,  In  fr<int  of  McCauley's  stoi^,  which,  ac- 
cording to  Dr.  C.  H.  t^arlcy,  Is  llHtS  feet  above  tide. 


AahburiKjr.l 


344 


[Maroh  IS, 


vein  *'  on  the  Roberts  lot ;  the  limestone  which  is  6  feet  thick  and  40  fbot 
below  the  *'  C  **  bed  at  Centerville,  and  the  limestone  bands  and  shales  10 
ibet  thick  exposed  in  a  railroad  cutting  one  mile  east  of  the  coal  shutes  of 
the  Bt.  Mary's  Coal  Company,  and  81  feet  below  the  St.  Mary's  bod,  are  all 
representations  of  the  jP\err\f6roui  Um$$ton4. 

This  conclusion  is  based  upon  a  oomparatiye  study  of  all  the  indlyldual 
members  of  the  rock  sections  in  the  three  localities.  On  account  of  the 
bad  exposures  In  the  Johnson  run  basin  In  the  vicinity  of  the  Roberts  lot 
and  along  Toby  creek,  and  on  account  of  Uie  limestone  in  the  two  places 
lying  low  in  the  valleys,  it  has  always  been  difHcult  to  determine  the  rock 
thicknesses  below  the  limestone.  This  fiict  has  resulted  in  each  case,  of 
placing  the  limestone  too  high  in  the  measurosi  and  consequently  an  error 
in  the  idontiflcation. 

It  Is  generally  believed  that  no  limestone  occurs  at  St.  Mary's.  On 
careAil  search  an  outcrop  of  the  bed  may  be  found  on  a  hill  north-west  of 
the  railroad  station.  I  have  been  told  upon  good  authority  that  pieces  of 
stone  have  been  gathered  here  which  have  been  burned  into  lime.  This 
limestone  is  the  same  l)eil  which  is  shown  in  Rogers'  section  (Vol.  II,  p. 
622,  Final  Re|K>rt  First  Survey). 

It  has  been  reported  that  the  limestone  which  was  located  by  the  assistants 
of  the  First  Survey  was  planted  by  persons  having  coal  interests,  with  the 
view  of  deception.  Neither  Prof.  Rogers  nor  his  assistants  wore  deceived  ; 
Uie  limestone  which  is  placed  in  the  section  already  noticed  occupies  exactly 
the  same  relative  position  as  that  in  i\\e  accompanying  section. 

The  F\nrrif0r0u$  limeitons  has  a  variable  character  throughout  Western 
Pennsylvania,  so  that  a  difference  in  the  quality  and  thlcknoBS  of  the  beds 
in  the  Uiree  localities  named  do  not  argue  against  tliolr  identity. 

8.  The  character  of  the  Dag^u  or  Kittanning  Lo^cwb$d,  together  with  its 
flooring  and  roofing  strata,  are  found  to  vary  considerably  within  the  Im- 
mediate vicinity  of  St.  Mary's,  where  Its  identity  may  be  determined  by 
the  engineer's  level  alone. 

The  following  analyses,  made  by  Mr.  A.  S.  McCreath,  show  marked  varia- 
tions in  tlie  chemical  constitution  of  the  coal : 
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Volatile  matter, 
Fixed  carbon.. . 

Sulphur , 
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.000 

88.855 

52.826 

2.044 

5.785 

1.100 
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50.000 

8.118 
10.710 

1.050 

80.205 

48.001 

8.824 

8.880 

100.000 

100.000 

100.000  1 

Color  of  ash reddish  gray.     Iliac,         pink. 

Cuke  per  cent 60. 055       64. 820       50. 055 

Fuel  ratio 1:1.87       1:1.50       1:1.22 
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a.  Tanncnlale  mine,  worked  by  St.  Mary's  Cotd  C()mi)any,  two  miles 
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uorth-east  of  St  Mary's.  Averago  thickness  of  coal  d  foot  G  inches.  Coal, 
dull  black,  more  or  less  coated  with  iron  oxide  ;  partings  of  pyrites  in  very 
minute  crystals  partly  decomposed. 

6.  East  mine,  St.  Mary's  Coal  Company.  Average  thickness  of  coal  8 
feet  8  inches.  Coal,  dull  black,  brittle,  iridescent,  numerous  partings  of 
pyrites  and  slaty  coal. 

e.  West  mine,  St.  Mary^s  Coal  Company.  Average  thickness  of  coal 
8  feet.  Coal,  dull  black,  more  or  less  stained  with  iron  oxide,  rather  fViablo 
and  contains  numerous  partings  of  pyrites  and  slaty  coal. 

d.  Ciiscado  mine,  Kaul  and  Hall.    Average  thickness  of  coal  8'  8". 

Coal,  deep  black,  lustrous  and  coated  with  silt ;  contains  considerable 
pyrites,  whicli  is  partially  decomposed. 

For  the  sake  of  comparison  I  have  added  the  analyses  of  tlie  Roberts  lot 
coal  and  the  coal  of  the  North-Western  Mining  and  Exchange  Company  at 
Centerville,  and  of  tlie  GUrmont,  ClaHon  bed  on  the  Monastery  lands  : 
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Volatile  matter, 
Fixed  carbon. . . 
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Color  of  ash ...»•. yellow,    pink  tint    cream. 

Coke  i)er  cent 50.550       60.405       61.240 

Fuel  ratio 1 ;  1.89      1:1.88     1:1.89 

«.  Hoyt  opening  on  *^gas  vein**  Roberts*  lot,  Jones  township.  Coal 
has  a  dull  black  luster ;  cannelly  structure ;  laminie  indistinct ;  fVacture 
generally  irregular,  but  with  a  tendency  to  a  cubical. 

/.  "Cmine**  North-Western  Mining  and  Excliange  Company.  Aver, 
age  thickness  of  coal  8  feet  6  inches.  Coal,  deep  black,  lustrous,  brittle  ; 
shows  numerous  thin  partings  of  pyrites  in  minute  crystals,  partially  de- 
composed. 

g.  Silver  creek  mine  on  Clermont  bod,  Monastery  lands,  D.  Eldridge 
operator.  Average  thickness  of  coal  3  feet  ,  Coal,  deep  black,  lustrous, 
brittle,  no  crystals  of  pyrites  observed.  By  a  comparison  of  these  analyses 
it  will  be  found  that  greater  differences  exist  in  the  composition  of  tlie  bed 
in  the  immediate  vicinity  of  St.  Mary*s,  than  between  the  coal  at  Tanner- 
dale,  Centerville  and  Roberts*  lot,  or  between  the  coal  ttom  the  bed  at  any 
one  of  these  three  places,  and  that  taken  fh)m  the  Silver  creek  mine  on  the 
Monastery  lands. 

There  Is  no  characteristic  behnging  to  the  Kittaning  Lower  coal  bed, 
which  may  serve  as  a  means  fbr  its  identification.  Where  the  greatest 
diflferences  in  the  composition  of  the  l)ed  exist,  as  at  St  Mary*s,  the  coal 
can  be  easily  traced  and  located  in  tlie  series,  by  observations  mtule  on  the 
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topography ;  where  Uie  compoeition  of  the  bod  is  most  similar,  as  at  Tan- 
nerdale,  Roberts*  lot  and  8t  Mary's,  it  requires  all  the  skill  and  Judgment 
of  a  trained  geologist  to  determine  their  geological  relationship. 

In  the  east  mine  of  St.  Mary's  Coal  Company  the  roof  is  found  to  change 
suddenly  fh>m  a  black  slate  to  a  hard,  massive  sandstone.  The  same  thing 
is  reported  to  have  occurred  in  the  now  abandoned  Keystone  mine. 

Conelu9i0n. — ^In  view  of  these  fkcts  as  regards  the  variation  of  the  com- 
position of  the  Dagus  or  Kittanning  Lower  coal  bed  and  the  changes  which 
are  liable  to  occur  In  the  associated  strata  within  a  small  area,  similar 
diflferences  at  localities  so  fkt  removed  fh>m  one  anoUier  as  St.  Mary*s» 
Centervllle  and  Roberts*  lot,  can  certainly  have  but  little  weight  In  deter- 
mining the  relative  position  of  the  beds. 

The  best  and  most  reliable  means  of  ascertaining  the  connection  existing 
between  distant  rock  sections  Is,  by  making  a  companMiive  9Uidy  qf  HcHona 
in  tK$ir  «filtr«ly.  A  marked  similarity  will  oftentimes  be  found  to  exist 
between  the  general  structure  of  eacli  section,  even  where  no  (Persistency 
of  character  is  found  to  exist  between  tlie  minor  features. 

CUnnoni  Group. — The  Clermont^  or  FkrrifBroui  Ufn49i&n$  has  a  distinct 
and  well  recognised  representative  in  the  vicinity  of  St.  Mary's.  The  horl- 
son  of  the  limestone  Is  80  feet  alH>ve  the  Clei^moni  or  Clarion  coal  bed.  As 
has  been  said,  pieces  of  the  stone  were  found  along  Its  outcropping  level  on 
the  hill  north-west  of  the  town. 

In  a  railroad  cutting  two  miles  north-east  of  St.  Mary's  station,  and  ex* 
tending  fVom  mile-post  130  to  1804-500  feet.  Is  fbund  exi>osed  the  representa- 
tive of  the  Ferriferous  limestone.  It  consists  of  gray  and  black  shale  and 
shite  containing  bands  a  few  inches  thick  of  limestone  and  lime  balls, 
heavily  charged  with  iron.  No  limestone  has  over  been  found  In  the 
Fourth  Basin  north-east  of  St  Mary's. 

The  Clermont  or  CUirion  coal  bed  (stratum  15),  marks  the  top  of  the 
Carboniferous  or  Pottsvillb  Conqlombratb,  No.  XII.  This  Is  the  ))o* 
sitlon  usually  occupied  by  the  Brookvllle  coal  l)ed,  but  I  failed  to  recognise 
its  representative  any  whore  within  my  district  of  four  counties.  The  best 
Illustrations  and  discussion  of  the  variations  of  the  Clarion  and  Brookvlllo 
coal  bcils  and  of  the  underlying  Homewtxxl  or  Kin  sua  creek  sandstono 
may  be  found  In  the  Clarion  county  re|x>rt  by  Dr.  II.  Martyn  Chance. 

Alton  Oroup. — The  position,  extent  of  aim  and  character  of  the  Clermont 
and  Alton  group  coals  Is  a  matter  of  considerable  Importance  to  the  coal 
Interests  centered  about  St.  Mary's.  No  geological  rei)ort  oin  settle  the 
question  In  a  practical  way.  That  the  coal  beds  should  exist,  tf  the  etrata 
were  perfectly  regular^  I  can  positively  assert ;  that  they  do  not  exist  at  every 
|H)int,  has  l)een  practically  proven.  The  strata  are  liable  to  change,  and  it 
must  be  lefl  to  explorations  of  the  drift,  the  drill-hole  and  the  shaft,  to  test 
practically  the  economical  value  of  these  coal  beds. 

**  Cl0rm<mt  ta  a  local  geogrtxphloal  name  which  I  gave  to  thta  UmeBtone  In  Mc- 
Kean  and  Klk  oouuties,  Ita  use  was  only  ado)>ted  provisionally  until  its  identity 
with  the  Prrri/eroua  limestone  of  Western  Ponnsyl  van  la  should  have  been  plactHl 
beyond  a  doubt. 


l«ll.|  347  [AHhburnor. 

Tho  irreiiculAHtles  which  Hro  so  chamcterlsUo  of  the  Alton  group  coals  in 
McKeati  county^  belong  not  only  to  the  Alton  ooals,  but  also  to  the  Cler- 
mont coal  at  8t«  Mary's.  Although  very  little  encouragement  can  bo  ex- 
tended the  coal  operator  or  land  owner  as  to  the  value  of  these  beds,  it 
would  be  presumptuous  fbr  the  geologist  to  condenm  the  territory  which  by 
a  surface  instrumental  survey  should  be  found  to  be  high  enough  to  contain 
these  coal  seams.  The  area  under  which  the  coal  beds  wight  b4  f^und  is 
very  great 

On  the  Monastery  lands,  on  the  east  side  of  Silver  creek,  the  Clermont  bed 
has  l)een  extensively  worked  and  has  produced  a  good  quality  of  coal,  Tho 
coal  has  been  explored  for  on  the  St  Mary*s  Coal  Company's  tract,  but  has 
never  been  found. 

The  Alton  beds  (strata  Nos.  17  and  10),  have  been  found  on  the  Monastery 
lands,  on  tlie  Keystone  and  Tannerdale  tracts.  The  interval  l)etween  the 
two  beds  varies  fVom  14  to  iSB  foet  Each  l>ed  Is  generally  composed  of  two 
distinct  liendies  of  coal,  with  a  stratum  of  slate  or  clay  between  them. 

The  AUon  group,  which  represents  tlio  same  series  of  strata  as  the  Mirtt$r 
coal  groui\  sometimes  contains  three  coal  beds,  as  In  central  McKean,  but  as 
a  rule  It  rarely  embraces  more  than  two  coal  beds,  as  is  found  to  be  the  case 
generally  throughout  Elk, 

Resembling  in  many  of  Us  features  the  Mercer  group  of  liawrence  and 
Mercer  counties,  the  Alton  group  differs  essentially  from  the  Mercer  in 
containing  no  beds  to  represent  the  Mercer  limestones  ;  for  no  calcareous 
strata  have  been  seen  In  it,  In  McKean,  Cameron,  Elk  or  Forest  counties. 

The  shales  and  days  between  the  Alton  coals  fVequently  contain  nodules 
of  Iron  carl)onate  ore.  The  Iron  Is,  howe\^r,  never  regularly  stratified. 
These  beds  represent  the  Mercer  iron  shales  along  the  Pennsylvania-Ohio 
line. 

Ko,  ATf.— The  Pottsvlllo  or  Carboniferous  conglomerate  (Millstone  grit 
of  the  English  geologists),  does  not  consist  of  one  solid  l>ed  of  conglomeN 
ate,  but  is  comiK)sed  of  a  series  of  rocks  made  up  of  cimglomerates,  sand* 
stones,  shales,  slates,  fireclays  and  coal  beds,  dlvldeil  as  follows : 

Johnson  run  and  Homewood  sandstone, . . , , S3' 

AUon  and  Mercer  coal  groups 34' 

Klnsua  creek  and  Connoquenesslng  sandstones 45' 

Marshburg  lTp|>er  and  Sharon  coal  Interval. .  •  • 10' 

Olean,  Garland  and  Sharon  conglomerates,  Second  monn* 

tain  stuid  and  Ohio  coiiglomerate • 50' 


Total 101 


t 


The  first  name  given  for  each  sulnllvlslon  is  that  which  was  provisionally 
adopted  In  McKean  county,  the  latter  names  are  those  whldi  are  better 
known  along  the  Ohlo^Pennsylvanla  State  line. 

The  Individual  memlters  of  the  PottavlUe  conglomerate  have  been  fiiUy 
described  In  the  Survey  reiwrts  to  which  the  reader  Is  refferwd. 

•  Geolf>irt(M\l  Rurvey,  Rciwrt  R,  pojco  fi8. 
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Tho  name  Lovfer  Productke  eoal  m#aMir««,  still  in  use  for  the  aako  of 
convenience,  is  a  purely  local  and  relative  term,  without  classical  value. 
When  first  applied  by  the  First  Qeological  Survey  of  Pennsylvania,  it  was 
intended  to  include  the  workable  productive  coal  beds  of  Western  Penn- 
sylvania  with  their  associated  strata  lying  between  the  coal  measure  con- 
glomerate and  the  Mahoning  sandstone,  or  base  of  the  Barren  measures. 
At  that  time  the  conglomerate  was  supposed  to  be  one  solid  bed  of  rock, 
subject  only  to  local  variations  in  thickness  and  in  the  proportion  of  sand- 
stone to  conglomerate. 

But  within  the  past  five  years  a  study  of  it  has  sliown  it  to  be  a  variable 
group  of  hard  and  soft  strata,  including  workable  coal  beds  with  their  under 
clays.  It  therefore  properly  forms  a  part  of  the  Lower  Productive  Coal 
Measure  Series :  and  only  thus  can  the  parallelism  of  the  Ohio  and  Penn- 
sylvania sections  be  made  good. 


Stated  Meeting^  April  1, 1881. 

Present,  10  members. 

Vice-President,  Mr.  E.  K.  Price,  in  the  Chair. 

Sig.  Damiano  Maoni  signified  his  acceptance  of  member- 
ship, by  letter  dated  Milan,  January  20, 1881. 

Mr.  Joseph  J.  Lewis,  accepted  membership,  by  letter 
dated  West  Chester,  March  24, 1881. 

Letters  acknowledging  the  receipt  of  Proceedings  were 
received  from  the  Philosophical  Society  at  Glasgow,  March 
9  (106) ;  the  Fondation  Teyler,  Harlem,  8  Mars  (105, 106 
and  List) ;  the  American  Ethnological  Society,  New  York, 
March  24  (107) ;  and  J.  H,  C.  Coffin,  Washington  (107). 

Letters  of  envoy  were  received  from  the  Geological 
Survey  of  Pennsylvania,  Harrisburg,  March  29,  and  Dr. 
Peters,  Kiel,  February  28, 1881. 

Dr.  Nolan  informed  the  Society  by  letter  that  a  box  of  In- 
dian relics  had  been  sent  to  the  care  of  the  Academy  of 
Natural  Sciences,  by  Mrs.  Haldeman,  for  tho  American 
Philosophical  Society.  On  motion  these  were  oixiered  to  be 
deposited  in  the  Academy's  museum,  and  Dr.  Horn  was 
api)ointed  to  verify  the  list. 

Donations  for  the  library  wore  reported  from  tho  Asiatic 
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Society  of  Japan ;  the  Academies  at  St.  Peter8burg,  Berlin, 
Rome  and  Philadelphia;  the  Bureau  of  Statistics  of  Sweden ; 
the  Zoologischer  Anzeiger;  Frankfurt  Gteographicjil  and 
Statistical  Association;  Bordeaux  Commercial  Geographi- 
cal Society  ;  MM.  Delesse  and  Lapparent,  and  Revue  Poli- 
tique of  Paris;  British  Association,  Royal  Astronomical 
Society,  Chemists'  Journal  and  Nature ;  Nova  Scotia  Insti- 
tute, Canadian  Naturalist,  Prof.  Ed.  C.  Pickering,  Hon. 
Robert  C.  Winthrop;  the  Middletown  Scientitio  Associa- 
tion ;  the  American  Journal  of  Science ;  Mr.  C.  B.  Dudley ; 
Mr.  H.  C.  Lewis ;  the  Second  Geological  Survey  of  Pennsyl- 
vania, and  the  Johns  Hopkins  University. 

A  box  of  Indian  flints  for  the  cabinet  sent  from  Chicques, 
Lancaster  County,  Pa.,  by  Mrs.  Haldeman,  was  reported  in 
the  care  of  the  Academy  of  Natural  Sciences,  Philadelphia. 

Shcctic  flora.  The  Secretary  reported  that  ho  had  received 
letters  from  Prof.  W.  M.  Fontaine,  of  the  University  of  Vir- 
ginia, dated  Charlottesville,  February  21st  and  March  29th, 
respecting  the  publication  in  the  Transactions  of  a  Memoir 
on  the  Rhrotio  flora,  and  on  the  formation  to  which  they  be- 
long, in  Virginia  and  North  Carolina ;  about  840  pp.  MS. 
with  32  4to  plates,  the  figures  closely  placed,  and  nearly  all 
in  outline,  with  only  indispensable  details. 

Besides  the  descriptions  of  plants,  the  author  gives  ^^  a 
pretty  full  account  of  the  geology  of  the  Mesozoic  of  Virginia, 
with  an  explanation  of  its  peculiar  features."  lie  has  "a  very 
large  collection  of  fine  plants.  Many  of  them  are  new,  some 
exceedingly  fine;  and  all  of  them,  whether  already  do- 
scribed  or  as  yet  undescribed,  much  more  perfect  than  any 
hitherto  found."  "  The  collection  is  a  pretty  fair  representa- 
tion of  the  flom  of  the  older  Mesozoic,  and  will  throw  light 
on  the  Mesozoic  of  North  Carolina  and  Pennsylvania." 

Saltville  fault.  The  Secretary  communicated  the  following 
notes  by  Prof.  Fontaine,  made  in  the  same  letters,  upon  the 
views  of  Mr.  II.  C.  Lewis  respecting  the  structure  of  the 
Saltville  valley  in  Southern  Virginia,  published  in  the  Pro- 
ceedings No.  107,  iwge  155. 
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Mr.  Fontaine  points  out  that,  the  little  aalt  and  gypflum 
bearing  valley  of  Snltvitle  cannot  bo  "eroded  along  an  anti- 
clinal of  Lower  Silurian  limeetonea,"  becanse  the  Bouth- 
eaat  wall  hilla  only  are  of  that  age,  while  the  north-west  wall 
hills  are  of  Umbral  (Mauch  Chunk,  Subcarboniferous)  age. 
He  was  the  first  to  find  in  the  limostones  on  that  side  of  the 
valley  an  abundance  of  Umbral  fosails,  in  the  highly  fossil- 
iferoua  shale  beds  intercallated  between  the  ninfwive  limo- 
stonm.  The  stiecies  are  the  same  found  in  the  Umbral  near 
Lewiabnrg,  Woet  Virginia.  The  Magneoian  (Lswer  Silu- 
rian) limestone  atrata,  bounding  tho  valley  on  the  south- 
east, qhow  no  trace  of  foaeila. 


The  phyaioal  aspects  of  the  two  formations  also  differ. 
Beda  of  ahale  and  Umeotone  alternate  in  the  hills  N.  W,  of  the 
valleys ;  and  some  of  tho  limestone  in  cherty,  and  some  of 
the  ahalea  are  red.  But  tho  8.  £.  hilb  contain  only  solid 
limeetone  strata.  Thoee  on  tho  N.  W.  aide  liave  a  more 
rounded  topography. 

It  IB,  however,  quite  true  that  the  atrntifioatlon  is  in  oppo- 
aite  S.  E.  and  N.  W.  directions ;  gentle  to  the  S.  E.  and  much 
ateojier  to  tho  N,  W.  The  structure  ia  therefore  anticlinal. 
But  there  muat  be  a  considerable  fault  along  the  axis  of  tho 
anticlinal,  and  this  fault  must  run  along  tlio  south-east  edge 
of  tho  little  valley. 

The  explanation  Is  then  simple.  Tho  Umbral  limestone 
ridge  la  a  synclinal ;  and  tho  re<l  alialo  formation  oomea  np 
on  both  sides  of  it, — with  north-west  dips  in  the  little 
valley, — and  with  south-east  dips  in  the  valley  of  the  IIol- 
Bt^en  river,  at  tho  foot  of  tlio  mountain,  as  ahown  above. 
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A  referonco  to  the  plnoo  of  the  Michigan  Salt  group  in  tl\e 
TaliooKoio  8oric8  makea  the  presonee  of  salt  hero  caaily  un* 
dorstcxHL  Tlio  horir.on  sooms  to  bo  aj^lt-honring  in  othor 
placoa  in  Southern  Virginia,  There  is  a  siUt  ooze  near  Max 
Meadows,  at  alx>ut  this  goologiiuil  horiion. 

The  Secretary  auggested,  in  addition,  that  the  underlying 
Ve8{H}rtine  (Pocono)  sandstone  is  a  great  salt  producing  for- 
mation in  the  Ohio  river  ujvcountry.  That  the  gyj^um 
is  an  acid  reaction  ujwn  the  eroded  outcroj^s  of  the  linie- 
Btone  ho  sliowod  in  Pro^H^odings  A.  1\  S.  VoL  IX,  jx  84, 
18l>2. 

Mr.  J.  F*  Mansfield  of  Qinnelton,  Beavor  county,  Pa., 
conimunieateil  by  letter,  dated  House  of  Kepresentativiva, 
Ilarrisburg,  February  4, 1881|  a  drawing,  life  size,  of  a  fine 
fossil  Jiurypttrtis  found  by  him  in  the  shale  immediately  be- 
neath the  Darlington  O^nnel  Coal  bed,  Lower  Productive 
Coal  measures,  with  a  request  to  have  tlie  sjx^oimen  studieil 
and  described, 

Mr.  E,  B.  Harden  exhibited  two  models  in  plaster,  one 
geologically  colored,  the  other  uncolored,  of  a  large  i>art  of 
Blair  county.  Pa.,  on  a  scale  of  8000' :  1'' ;  vertical  scale  ex- 
aggerated 2^  times* 


Captain  E.  Y.  McCauley,  U.  S.  K,  communicated  for  pub- 
lication in  the  Proceedings  an  alphabet  and  syllabary  of  the 
Egyptian  language,  for  the  use  of  students,  in  82  MS.  ptiges, 
reducible  to  8vo  size  for  the  Proceedings* 

The  Publication  Committee  rejwrted  in  fiivor  of  a  ftall  ex- 
change of  all  publications,  so  fiir  as  sets  could  be  made,  with 
those  of  the  Alus6e  Guimet  at  Lyoim,  whicli  was  approved 
and  ordereil. 

Pending  nominations  927  to  988  were  read,  and  the  meet- 
ing was  ai\journed. 
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Stated  Meeting,  April  15, 1881. 
Presont,  17  members. 

President,  Mr.  Fralbt,  in  the  Chair. 

A  photograph  of  Herr  Goppert  was  received  for  the  al- 
bum, in  a  letter  of  envoy,  dated  Breslau,  March  24,  1881. 

Letters  of  acknowledgment  were  received  from  Herr 
Bernard  Studer,  dated  Berne,  March  25  (106  and  List), 
and  from  the  Zool.  Soc.  Amsterdam  (105, 106  and  List). 

The  Physical  Section  of  the  Oh.  Phy.  Soc.  Imp.  University 
of  St.  Petersburg  was  on  motion  placed  on  the  list  of  cor- 
respondents to  receive  the  Proceedings. 

Donations  for  the  Library  wore  announced  from  the 
Russian  Academy  ;  Accad.  dei  Lincei  at  Rome ;  Society  at 
Eraden;  Dr.  Otto  Wolfenstein  of  Valencia;  Oom.  Geological 
Society,  Boi'deaux ;  Halifax  Libmry  Oompany ;  Prof.  0.  0. 
Marsh ;  Mr.  Henry  Phillips,  Jr. ;  New  Jersey  Historical 
Society ;  Hamilton  Oollege,  N.  Y. ;  Wyoming  Historical  & 
Geological  Society ;  American  Journal  of  Pharmacy,  and  Am. 
Jour.  Med.  Sciences;  U.  S.  Ooast  Survey ;  University  of  Vir- 
ginia, and  Major  Jed.  Hotchkiss. 

A  drawing  and  description  of  his  improved  **  Centigrad 
Photometer  "  was  received  from  D.  Ooglievina  of  Vienna. 

Prof.  P.  E.  Ohase,  explained  certain  relations  of  the 
spectrum  line  F  with  other  lines  and  data  suggesting  the 
probable  identity  of  hydrogen  and  the  luminiferous  sether. 

Prof.  Cope  road  a  paper  on  the  Perissodactyla. 

Dr.  Eonig  made  remarks  on  Dr.  P.  F.  Reinsch's  recent 
plates  of  the  misroscopic  lithology  of  anthracite  and  other 
coals. 

Mr.  Lesley  communicated  an  appendix  to  Dr.  Sjiencer's 
paper  on  the  Lake  Erie  former  water-basin,  suggesting  the 
probable  flow  of  the  upper  Ohio  from  Pittsburgh  to  Butler, 
thence,  via  New  Castle,  up  the  present  Mahoning  Valley  and 
down  the  Grand  Valley  of  Ohio  to  Lake  Erie. 
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On  Bcratiny  of  the  ballot  boxes  the  President  declared  th 
following  persons  duly  elected  members  of  the  Society. 

Prof.  Clandio  Jannet,  of  Paris. 

Prof  Paul  Leroy  Beauliea,  of  Paris. 

M.  Emile  Malezienx,  of  Paris. 

Prof.  R  A.  Barber,  of  West  Philadelphia. 

Dr.  jas.  A.  H.  Murray,  of  Mill  Hill,  London. 

Hon.  William  Butler,  Judge  of  U.  8.  District  Court, 
Eastern  District  of  Pennsylvania. 

Mr.  Wm.  Woodnutt  Griscom,  of  Philadelphia. 

And  the  meeting  was  adjourned. 


Photodynamie  Ifotes,  ^11,    By  Pliny  EarU  Chcus,  LL.D,,    Profeuar  / 

Philosophy  in  Haverford  College, 

iBead  before  the  American  Philosophical  Society,  April  15,  1881.) 

16.   Weighing  the  Sun  by  a  Soap  Bubble. 

In  the  well'kaown  experiment  of  inflating  a  soap  babble  with  a  mixture 
of  oxygen  and  hydrogen,  and  exploding  it  by  a  candle,  there  is  an  oppor- 
tunity for  Btadying  yarious  radiodynamic  relations.  The  eqailibriam. 
which  usoally  exists  between  the  gravitation  of  the  particles  towards  the 
sun  and  towards  the  earth,  is  suddenly  and  violently  distarbed.  Dariiu 
the  restoration  of  equilibriam,  there  are  simultaneoos  tendencies  to  the 
production  of  orbital  velocities,  about  the  earth  and  about  the  san. 

The  height  of  virtual  focal  projection  which  represents  elliptic  orbiul 

r 
velocity  is  ^  (1  +  «)  ;  the  height  at  Earth's  equatorial  surface,  which  is 

in  unison  with  orbital  projection,  being  —^  x  1.01677  =  2014.16  miles. 

/         1389.6  \ 

Dividing  this  height  by  the  French  thermal  unit  ( C  =   mqq  mile-pounds) 

and  multiplying  by  9,  because  9  pounds  of  gas  are  lifted  by  1  pound  of 
combustible,  we  get  68878.2  calorics  as  the  thermal  equivalent  of  the  ex- 
plosion.   Naumann*  gives  the  following  experimental  values  : 

Thomsen 68376 

Favre  and  Silbermann 68924 

Dulong 69486 

Hess 69584 

Grassl 69338 

Andrews 67616 

Mean 68886 

•  liundbuch  der  Chemle,  p.  290. 
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The  oxploalvo  fbroe  proceeds  mdlally  in  al)  directions  from  the  centre, 
so  that  the  particles  are  subjected  to  cones  of  (brce,  introducing  oscillations 
which  may  be  represented  by  a  conical  t>endulum  of  ^  the  height,  or 
508.54  miles.  In  seeking  equilibrium,  the  particles  tend  towards  tlieir 
own  centre  of  gravity,  at  ^  of  508.54  rs  351.77  m.,  and  also,  on  account 
of  resistance  at  the  £artli*s  surfiice,  towards  the  linear  centre  of  oscilla- 
tion, at )  of  608.54  =i  885.69  miles. 

The  action  of  Eartli  on  the  centxe  of  gravity  of  the  mass  produces  a 
secondary  centre  of  oscillation,  in  which  Uie  primary  centre  of  oscillation 
acts  as  a  point  of  suspension,  and  the  centre  of  gravity  as  a  pendulum* 
extremity  of  wave  propagation.  This  secondary  centre  of  oscillation  is  at 
(  of  508,54  :tj:  370.745  m.,  which  represents  tlie  mean  vi*  tka  of  oscilla- 
tory projection  relatively  to  Earth  ;  the  eueiVa  relatively  to  Sun  being 
represented  by  Earth's  semi-axis  mi^or. 

Let  f;^ 8003.8  miles;  hf  ^-  Earth's  semi-axis  mi^jor;  i^  ^1  yoar=s 

81558140  seconds ;  l|  =  3}r\      =  5078.6  sec. ;  m^  ==:  Sun's  nukss ;  m^  = 
Earth's  mass ;  h  =  370.745  miles.    Then  we  have 

\ r  /    '  \k  /    '••»•«•  ^i  » *  ♦^'^  •  *» 

.Mii^)  =  881,681  iHi 

ftf^  03,773,800  miles. 

17.  CtiilnM  ^  D^Miijf  oMci  <^  Nuel^iUion. 

The  rotating  photodynamic  action  which  is  represented  by  the  equations, 

gt  g(^ 

^  =ip$locUg  ^flight,  ^  ^-modiftttta,  is  shown  in  its  greatest  simplicity  at  tlie 

nudeal  centres  of  cosmicnl  systems.  In  all  other  places  it  is  complicated 
with  orbital  motions,  which  increase  the  difficulty  of  determining  the  sum 
of  the  photodynamic  actions  which  are  balanced  by  an  equal  sum  of  gravi- 
tating reactions.  Doubtless  methods  will  be  fbund  hereafter  fbr  making 
the  proper  allowances  in  all  the  most  important  cases ;  but  at  present  we 
can  take  only  a  few  steps  towards  the  goal.  The  tirst  ste)\  naturally,  is 
fh>m  Sun,  the  centre  of  nucleation,  to  Earth,  the  centre  of  density.  Here 
we  are  helped,  as  in  the  first  instance,  by  the  study  of  maxima.  The 
limit  between  association  and  dissociation  at  the  nucleal  centre  is  the 
velocity  of  light,  or  the  greatest  known  velocity  of  wave  propagation  ;  the 
centre  of  density  is  revolving  about  the  nucleal  centra,  and  \U  **  nascent" 
limit  shows  the  greatest  possible  tendency  to  circular-orbital  velocity  in  the 
system. 
Earth's  nascent  velocity.  If  its  orbit  were  strictly  circular,  would  be 

gi      801(14      dd.a^^s 

Y  =  "^"^  X    5j^,j-  —  361,83  miles.    This  needs  to  be  multiplied  by 

(1  -f  «)*  =  (1,01677)*,  in  order  to  allow  fbr  orbital  «•  subsidence"  tcom 

aphelion  to  moan  position.    We  thus  get  370.68  miles,  fbr  the  value  of  v'gt* 
at  Sun's  equatorial  surhice.    If  we  knew  the  precise  quotient  of  Eartli's 
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Remi-axis  major  by  Sun's  Bemi-4iameter,  we  ooaM  easily  compute  Sun's 
mass  and  distance.  Different  observers  give  measurements  of  Sun's  diame- 
ter, which  vary  through  a  range  of  about  a  fourth  of  one  per  cent. 

In  expanding  or  condensing  nebulsd,  I  iiave  shown  that  Laplace's  limiting 
or  atmospheric  radius  varies  as  the  |  power  of  the  nucleal  radius.  Oar  first 
step  towards  transforming  Earth's  orbital  into  nucleal  efficient  velocity,  is 

to  multiply  g-  x  (1  +  «)*  by  (1  +  e)K  We  must  also  multiply  by  tt, 
because  the  time  of  acquiring  the  efficient  velocity  is  t^  times  as  great  as 
the  time  of  acquiring  orbital  velocity,  and  by  n*,  because  Sun's  equatorial 
velocity  of  rotation  is  n  times  as  great  as  the  corresponding  velocity  of  rota- 
tion when  expanded  to  Earth's  orbit.    We  then  have  : 

Earth's  ^  XO  +  «)'  X  (1  +  «)*  X  't  n  =  veloeUy  of  light  =  10089.15 

X  270.68  -f-  nK 
The  right-hand  member  of  this  double  equation  is  obtained  as  follows  : 
If  ^  =  Earth's  semi-axis  major,  its  orbital  velocity  is  2  tt  /?  -^  31558149  ; 

the  velocity  of  light  being  p  -t-  497.827.    But  270.08  is  n^  times  Earth's  or- 

/    81558149  \ 

bital  velocity ;  therefore,  the  velocity  of  light  is  \2  tt  n^  497  827  ^  10089. 15  J 

X  270.68  -J-  n*. 
Solving  the  equation,  we  find:  n  =214.4775;  v^  =  186,385.7;  p  = 

497.827  t,,  =  92,787,850  miles;  m,  =  (g^^^)'  -^  (507l:F^)'  = 

331,799  m,. 

This  purely  photodynamic  determination  of  p  differs  by  less  than  ^ 
of  one  per  cent,  from  the  partially  thermodynamic  determination  in  the 
foregoing  note. 

18.  IfucUal  and  Rupturing  Centre*  of  Condemation, 

• 

Our  next  tentative  step  is  to  Venus,  the  nearest  and  brightest  of  Earth*s 

sister  planets,  and  the  only  one  which  shares  with  Earth  the  peculiarity  of 

sometimes  having  an  orbit,  in  the  course  of  its  secular  changes  of  excen- 

triclty,  which  is  entirely  circular.    This  fact,  together  with  Earth's  central 

position  in  the  dense  belt,  indicates  a  purely  nucleal  origin  for  that  belt ; 

the  other  planets  showing  more  obvious  evidences  of  an  origin  which  was 

partly  atmospheric,  and  of  the  influences  of  **  subsidence  "  which  were 

so  happily  pointed  out  by  Herschel.    The  nascent  vis  viva  of  Venus, 

/gty 

(  2~ )  A   ^^  Also  A  rupturing  vis  viva  in  the  dense  belt,  as  is  shown  by  the 

following  relation  between  Earth's  semi-axis  major,  p^,  and  Venus*8  secular 
perihelion  radius^veotor,  p  , 

(1)1   ■■  (j)l  •■  ■■  P'*  '■  P, (!•) 

*n  represents  the  quotient  of  Earth'8  semi-axis  major  by  Sun's  semi -diameter. 


L6t  US  tiike  (br  m«i  the  value  given  by  Note  17  ;  ft>r  m^»  Hiirs  esUmAte, 

437840  •  ^^'  ^ »  ^^'^  ^^"^  -=  ^^^  '*®®*    '^^®^ 

4S0a0        1         /jr<\ 

437840  ^r^*^  \9/^ ^^*^ 

48083        1         (gi\ 

8;n7l)9^rj  -"Vd/* ^^'^ 

Introducing  Stockweirs  value,  ^^  =  .678241,  together  with  (8)  and  («*l). 
into  (1),  we  have 

i^ 48088         1\«        Q7324t  .  . /^ ^8^0  X   ^\* 


Hence  we  And : 


r^  =  .0600  r^ . 


Ilereohel  gives  .088  ;  Newcomb  and  Holden,  .067 ;  Newcomb,  in  John- 
eon's  Cyclopiedia,  .0608 ;  Searle,  .06 ;  Chambers,  .048. 

10.  C€fUr0$  0f  Demity  and  Nffbuloiity. 

£arth*s  nascent  relation  to  the  maximum  value  of  Sun's  v^gr  introduces, 
as  we  have  seen,  the  (kctor  of  gravitating  subsidence  to  a  spheroidal  nu- 
cleus* (1  -f  •)'.  Jupiter's  relation  to  the  same  value,  indicates  the  forma- 
tion of  a  secondary  nucleus,  at  the  centre  of  primitive  nebulosity ;  fbr  Sun's 
superficial  I'j^,  370.68,  Is  accelerated.  In  Jupiter's  nascent  velocity.  In 
the  ratio  which  Is  due  to  solar  condensation  to  Jupiter's  secular  perihelion, 
or  rupturing  atmospheric  locus,  which  Is  .0807  of  its  semi>axls  miOof*  ^'^^ 
greatest  eccentricity  being  .0608.    We  have,  therefore  : 

(^^-)y  =:::  W gr\  -H  .0807  =  888.076  miles. 
Professor  Hall's  estimate  of  t^  is  O''  56""  86*.5  =r  85736.5  seconds. 

This  gives  ^y  =:r  888.076 -t-  ^  ^  .016137  m.  :..:  3.054  ^^  ;  r «  =r  (-) 

/  881700  \  ^    ^ 

^  ll047.870  ■^90«4)rl;  S  -=  10.084  r,. 

Herschel  gives  10.077 ;  Kewoomb,   10.85 ;   Soarle,   10.03 ;   Chambers, 

10.75. 

30.  C0ntral  Nifbuloiia  RupUir4  and  Stib%i(t$ne0. 

The  co-ordinate  Influence  which  is  shown  In  the  nascent  velocities  of 
Earth  and  Venus  (Note  18),  has  an  analogue  In  Jupiter  and  Saturn.  If  we 
represent  Jupiter's  atmospheric  rupturing  Ux)us  by  py  and  Saturn's  locus 
of  Incipient  subsidence,  or  secular  aphelion,  by  p^,  we  And  : 

10.843  :  4.8868  :  :  870.68  :  187.81. 
Prof.  Hall's  estimate  of  t^  is  10^  H^  d8*.4  =  8688.4  seconds.    Dividing 

187.81  miles  by  .  *,  we  get  g^  =  .0060844  m.  =  1.141  ^^  ;   r».  = 

3 

ere -i"0*'-"'*=^ ''•"»'-• 

Herschel  gives  0.87  ;  Newcomb,  8.86 ;  Searle,  0.01  ;  Chambers,  0.07. 
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21.  Nodal  Coordination. 

We  see,  therefore,  from  Notes  17-20,  that  the  Ave  nodal  positlonSp  which 
are  of  the  greatest  photodynamlc  importance  in  the  solar  system,  sliow 
successive  coordinating  influences  of  universal  aethereal  oscillation  ;  for,  If 


we  designate  nascent  velocity  (  q"  )  ^y  ^' 


Y^  or  the  sum  of  the  reactionary  gravitating  impulses  at  Bun's  surfKce 
during  a  half-rotation,  is  the  velocity  of  light. 

Va,  or  the  sum  of  the  reactionary  gravitating  impulses  at  Earth's  surface 
during  a  half -rotation,  is  due  to  the  sum  of  the  reactionary  impulses  at 

Sun's  surface  during  the  time  of  communicating  orbital  velocity,  ^-j ; 

part  of  the  velocity  being  compensatory  of  orbital  subsidence,  and  the  rest 
giving  axial  rotation. 

V^,  or  the  sum  of  the  reactionary  gravitating  impulses  at  Venus's  sur- 
face during  a  half-rotation,  is  due  to  the  belt-rupturing  impulses  of  the  re- 
actionary impulses  at  Earth's  surface. 

V;',  or  the  sum  of  the  reactionary  gravitating  impulses  at  Jupiter's  sur- 
face during  a  half* rotation,  is  due,  in  part,  to  the  sum  of  the  reactionary 
impulses  at  Sun's  surface  during  the  time  of  communicating  orbital  veloc- 
ity, and  in  part  to  the  acceleration  of  Sun's  atmospheric  condensation  to 
the  locus  of  nebular  rupture. 

y^,  or  the  sum  of  the  reactionary  gravitating  impulses  at  Saturn's  sur- 
face during  a  half-rotation,  is  the  incipient  velocity  which,  when  acceler- 
ated by  solar  atmospheric  subsidence  to  the  rupturing  locus  of  its  belt,  be- 
came equivalent  to  the  sum  of  the  reactionary  impulses  at  Bun's  surfSftce 
during  the  time  of  communicating  orbital  velocity. 

The  joint  relations  of  Earth's  eccentricity,  Earth's  semi-axis  major,  Bun's 
semi-diameter,  the  velocity  of  light,  planetary  velocity,  nascent  velocity  of 
Sun  and  Earth,  and  Sun's  equatorial  velocity  of  rotation,  which  are  shown 
in  Note  17,  are  wholly  inexplicable  upon  any  hypothesis  which  fkiis  to 
recognize  the  equal  actions  and  reactions  of  an  elastic  medium.  They  are 
all,  however,  simple  and  natural  results  of  photodynamlc  influence.  Sun's 
nascent  velocity  is  the  velocity  of  light,  V^ ;  the  limit  of  circular-orbital 

velocity  (Vi=  (/^)«  =  270.68  miles),  is  equivalent  to  V^ -i-  (I  +  e)'  itn ; 

Earth's  nascent  velocity  (  2  /  ^^  261.82  miles,  is  equivalent  to  Vj  -f- 
(1  +  ey ;   Sun's  equatorial  velocity  of  roution  (V,  =  1.233  miles),    is 


equivalent  to  — ^ —    ^  V  2  /    ' 


22.  Boundaries  of  the  Dense  Belt, 

The  uncertainty  of  Mercury's  mass  makes  any  attempt  to  determine  its 
nascent  velocity  merely  provisional.  It  seems  probable,  however,  that  it 
bears  the  same  proportion  to  Earth's  nascent  velocity  as  Mercury's  ndina 
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of  incipient  subsidence,  or  secular  perihelion  (.477),  bears  to  Earth's  semi- 
axis  mtvjor.  If  such  is  the  case,  it  fUrnlshes  another  instance,  like  the 
inner  moon  of  Mars,  of  the  establishment  of  a  nucleolus,  by  subsidence 

within  a  condensing  nucleus.  If  we  take  Encke^s  mass,  4un575i»  <^nd 
Hersciicrs  time,  i  ^  34^  5»,  the  pro|)ortlon 

■•"  >■■«).■(?). 

gives  r^  =  .879  r^. 

Herschel  gives  .896 ;  Nowcomb,  .878;  Searle,  .84;  Chambers,  .874. 

Mars,  the  outermost  of  the  dense  belt  of  planets,  fVirnlsht's  clear  evidence 
of  the  dependence  of  nascent  velocity  upon  photodynamlc  Influence.  If  we 
designate  the  centrl|>et)\l  photodynamlc  acceleration  at  Earth's  semUaxls 
me^or  by  <^^,  and  the  action  at  the  mean  secular  aphelion  of  Mars  by 
<^^,  we  find 

Substituting  Hairs  values  for  m^,  (joq^soo)*  wid  f^,  (24»»  87*  22^.7),  we 
get  r^  =  .546  r* 

Herschcl  gives  .517 ;  Nowcomb,  .581 ;  Searle,  .52 ;  Chambers,  .621. 

28.  If[mri€r*%  Th$ffMm. 

In  the  activities  of  the  luminlfbrous  aaher  we  may  reasonably  look  for 
abundant  evidences  of  the  truth  of  Fourier's  theorem  :  *' Every  |)erlodic 
vibratory  motion  can  always,  and  always  In  one  manner,  be  regarded  as 
the  sum  of  a  certain  number  of  pendulum  vibrations.  ***  In  Note  5,  I  gave 
an  estimate  of  the  mass  at  the  centre  of  condensation,  which  was  based 
upon  this  theorem.  Tlie  same  value  may  also  be  obtained  as  follows  :  If 
we  consider  simple  lines  of  force.  In  homogeneous  nebular  condensation, 
we  And  the  centre  of  gravity  coincident  with  the  linear  centre,  and  the 
centre  of  oscillation  at  two-thirds  of  the  distance  f^x>m  a  point  of  suspen- 
sion, or  prlncl|)al  Inertia*  to  a  point  of  oscillation,  or  Inferior  Inertia..  If 
we  consider  radial  action  f^m  or  towards  a  centre,  we  know  that  the 
oscillations  of  a  conlctil  pendulum  are  synchronous  with  those  of  a  linear 
pendulum  of  four  times  the  length.  We  know,  moreover,  that  centripetal 
acceleration  varies  as  the  fourth  power  of  the  velocity  of  circular  orbital 
revolution.  In  the  conversion  of  tendencies  to  nucleal  rotation  into  ten« 
dencies  to  orbital  revolution,  the  oscillating  particles  are,  therefore,  sub- 
jected to  central  Influences  which  may  be  ix^presented  by  (2  x  8  x  4)*  = 
881776,  which  Is  the  ratio  of  the  mass  at  the  centre  of  nucleatlon  to  the 
mass  at  the  centre  of  condensation,  as  estimated  In  Note  5.  It  differs  ^y 
k'ss  tlian  ^^  of  one  per  cent.  fVom  the  value  found  In  Note  16,  and  by  less 
than  xl(  of  one  ywr  cont.  from  the  value  found  in  Note  17. 

•Prof.  Mayer's  sti^tement  of  the  theorem,  in  Am.  Jour.  Sot.  [3],  vlli,  S5. 
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respectively.    These  velocities  vary  as  l—f  ,  and  If  we  take  the  values  of 

r  which  were  found  by  comparing  the  axial  periods,  with  the  values  of  m, 
which  were  assumed  in  comparison  (Notes  17,  18,  32),  we  find  : 

«, ;  «i  :  :  1  :  .424d  Mercury's  semi-axis  mi^^^f   •^'^^ 

«j  :  «,  :  :  1  :  (.7255)*  Venus*s  **  •*        .7288 

«,  :  ©4  :  :  1  :  (1  -4-  1.502)»       Mars's  •«  **      1.5287 

All  of  these  ratios  point  to  influences  operating  within  the  orbits  of  the 
respective  planets.  The  ratio  between  Earth  and  Mercury  Indicates  simul- 
taneous nucleolar  condensation  within  a  primitive  condensing  nucleus : 
the  ratio  between  flartli  and  Mars  indicates  the  comparative  Influence  of 
centripetal  photodynamic  Impulsion,  or  of  orbital  gravitation  towards  the 
Sun ;  the  ratio  between  Earth  and  Venus  Indicates  synchronous  harmonic 
influences  of  projectile  vis  Hva  within  a  rotating  nebula, 

26.  SittfUiU  V$hciUit  in  the  Rare  Belt 
Extending  the  foregoing  comparison  to  the  lighter  planets,  we  And  : 


«s :  t>6 : :  1 

«s :  f», : :  1 

©s :  «T :  :  1 

t)j :  f>R : :  1 


5.8888  Jupiter,  mean  aphelion   5.43)74 

(10.8937)*  Saturn,  secular      "       10.8488 


2.0808  Relative  momentum,     29.812 

1,7271  **  **  29.567 

Jupiter,  therefore,  fiills  into  the  same  category  as  Mercury  and  Earth,  ag 
indicating  simultaneous  nucleolar  condensation  within  a  primitive  condens* 
ing  nucleus ;  the  ratio  between  Saturn  and  Earth  Indicates  satellite  ve- 
locities accordant  with  their  respective  velocities  of  nucleal  projection ;  the 
Uranlan  and  Neptunian  ratios  multiplied  by  their  respective  mass-ratios, 
point  to  a  primitive  unity  of  momentum  near  the  outer  surface  of  our  sys- 
tem in  Its  early  stages  of  condensation. 

If  we  adopt  Newcomb*s  values  for  the  respective  masses  of  Uranus  and 

Neptune,  ^^l^j^  and  rviiv)  ^^^  ^^®  Earth's  mass,  itiVvv>  ^^'  ^^®  ^^^^  ^^ 

comparison,  wo  find 

Mass.  Llmt  tt  ng  sat.  v.  m  X  v. 

Earth,  111 

Uranus,  14.68  2.0808  29.812 

Neptune,  17.12  1.7271  29.567 

Stockwoll  gives  29.782  for  Neptune's  mean  perihelion,  or  rupturing 
locus,  so  that  Earth's  relative  momentum  :  the  rupturing  momentum  : : 
Earth's  mean  radius  vector  :  the  rupturing  radius  vector.  This  seems  to 
be  a  conclusive  evidence  of  a  common  rotating  Influence  which  embraces 
the  centre  of  nucleatlon,  the  centre  of  density  (ind  the  Neptuno- Uranlan 
belt 

27.  ffarmonic  Belations  of  the  Moon, 

•  In  Note  8,  the  Moon's  mass  was  shown  to  be  In  strict  accordance  with 
the  requirements  of  radtodynamlc  elasticity.    The  two  foregoing  notes. 


isors. 

Quotients. 

1 

13.670 

2 

6.835 

5 

2.734 

14 

.976 

41 

.333 
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together  with  the  Moon's  poeition  relatiye  to  the  centre  of  density,  make 
it  probable  tliat  its  distance  from  the  Earth,  as  Well  as  its  mass,  may  furnish 
important  harmonic  indications.  We  find,  accordingly,  the  following 
close  approximations  : 

Sun's  distance  :  Moon's  distance  : :  Jupiter's  mean  locus  of  subsidence 
(mean  aphelion)  :  Sun's  radius  of  condensation  : :  Neptune's  mean  rup- 
turing vis  viva  :  Earth's  nebular  vis  viva.    This  triple  proportionality  is  ^ 
satisfied  by  the  following  values  : 

92,996,000  :  288,847  : :  1168.07  :  3  : :  (19.73)»  :  1 

This  would  give  215.22  for  the  quotient  of  Earth's  semi-axis  major  by 
Sun's  semi-diameter,  which  is  probably  about  |  of  one  per  cent,  too  large. 
These  slight  differences  in  the  approximations  to  the  value  of  n  may  be  due 
to  solar  atmospheric,  photospheric  and  chromospheric  modifications. 

The  approximation  of  Moon's  semi-axis  major,  measured  in  units  of 
Earth's  semi-diameter  (60.28)  to  the  continued  product  8  x  ^  X  5,  is  also 
noteworthy. 

28.  The  Moons  of  Mars. 

The  linear-pendulum  ratio,  8,  which  was  introduced  twice  in  the  fore- 
going note,  appears  in  a  vast  number  of  satellite,  planetary,  stellar  and 
molecular  harmonies.    The  following  table,  with  its  influence  upon  the  ^ 

moons  of  Mars,  is  a  very  strikincc  instance  : 

3»  =1 

3*  --  3«  =  2 

8'  —  3*  —  3»  =  5 

3»  —  8«  —  3»  —  3«  =  14 

34  _  3»  _  82  _  31  _  go  —  41 

The  above  numbers  are  harmonic  divisors,  in  the  Mavortian  system,  of  a 
primitive  nebular  radius  which  represents  proportionate  action  between 
the  centre  of  photodynamic  planetary  inertia  (Saturn)  and  the  locus  of  in- 
ternal rupture  in  the  dense  belt  (Venus's  mean  perihelion).  For  we  have 
Saturn,  mean  rad.  vec.  :  Venus,  mean  per.  : :  9.539  :  .698  : :  13.67  :  1 
If  we  take  13. 67  semi-diameters  of  Mars  as  the  nebular  radius,  ^  the  radius 
would  be  the  locus  of  primitive  rupturing  subsidence,  a  locus  which  accords  7 

very  closely  with  the  semi-axis  major  of  Deimus,  the  outer  satellite.    This 
and  other  accordances  are  shown  in  the  following  table  : 

Observed  Positions. 
13.670    Nebular  radius: 
6.846    Deimus. 
2.730    Phobus. 
1.000    Semi-diameter. 
.333    Linear  c.  of  central  oscill'n. 

The  importance  of  the  ratio  of  harmonic  undulation,  which  has  been 
thus  introduced  at  the  outer  limit  of  the  dense  belt,  has  a  deeper  meaning; 
when  we  remember  that  Venus  and  Earth  are  the  only  two  planets  whose 
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orbits  are  e^er  exactly  circular,  and  Uierefore  Uio  oaly  ones  tbat  indicate 
nebular  activities  which  extend  to  the  very  surfkce  of  a  rotating  nucleus. 

89.  TKe  JTootM  ofJupitmr. 

We  may  reasonably  look  (br  a  greater  variety  of  satellite  harmonies  in 
connection  with  tlie  giant  planet  which  represents  the  primitive  nebular 
centre  of  our  system,  than  In  connection  with  any  of  its  8ul)ordinate  com- 
panions. Some  of  those  harmonies  have  been  already  indicated  in  Note 
14.  It  may  l>e  well  to  restate  two  of  them  in  a  dlfterent  Ibrm,  togetlier 
with  some  others  which  seem  especially  significant 

I.  If  we  take  axial  rotation  at  the  centre  of  density  as  the  unit  of  com- 
I^arison,  the  synchronous  rotation  and  revolution  of  the  nebular  hypothesis 
has  been  accelerated  800.d{{0S  fold,  by  Earth's  condensation  and  other  causes. 
Earth*8  accelerated  rotation,  is  to  the  acceleration  by  ftill  to  a  centre  of 
linear  oscillation,  as  Jupiter's  synciironous  radius  is  to  Oallisto's  synchro- 
nous radius : 

806.d665  :  0  * :  4889.5848^  :  16.6801^ 

The  significance  of  this  rhythmical  accordance  between  the  nebular 
centre  and  the  centre  of  density  is  increased  by  the  fact  tliat  the  nascent 
velocity  at  each  of  tliose  centres  is  directly  traceable  to  the  maximum  of 
planetary  velocity  d'j/r  at  Sun's  surfkce). 

II.  The  significance  is  fVirther  increased  by  the  fact  that  Callisto  repre- 
sents tlio  mean  centre  of  gravity  of  Earth  and  Jupiter,  at  Jupiter's  ruptur* 

ing  locus.    Jupiter's  mean  (Hsrihellon  l)eing  4.0782,  its  distance  from  Earth's 
semi-axis  mi\jor  is  8.9782.    Jupiter's  mass  being  ^^^^  ^,  this  relation  gives 

88 1245  ^^'  S<^rth*s  mass,  as  will  bo  seen  in  the  f^>llowing  proportion, 

.012585  being  Callisto's  semi-axis  major : 

8.9782  :  .012585  :  :  ^J^^  :  ^^^^^ 

This  estimate  of  Earth's  mass  gives  92,780,000  miles  fbr  Earth's  semi- 
axis  nus{or,  and  1,107,100  miles  for  Callisto's  semi*axls  mi\jor. 

III.  The  harmony  of  planetary  and  satellite  infiuonces,  at  the  centres  of 
density  and  of  nebulosity,  is  shown  by  the  proportion, 

«Tupiter's  secular  |ierihelion  :  Earth's  semi-axis  mi^jor  : :  Callisto's  semi- 
axis  mivjor  :  Moon's  semi-axis  major. 

4.8868  : 1  : :  1,167,100  miles  :  288,850  miles. 

Ilerschel's  estimate  is  287,000  miles. 

Lockyer's  "  2J18,708     «* 

•        Chamber's  *•  2:W.880     «• 

VonLittrow's    "  288.870     *• 

Newcomb's        ••  240,800     •• 

IV.  An  elliptic  orbital  influence,  between  Jupiter  and  the  dense  belt»  with 
a  mf^or>axis  of  6.181,  Is  Indicated  by  the  pro|)ortlon : 

6.181  :  .012585  :  :  186282  :  882.38. 
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The  second  term  of  this  proportion  represents  Callisto's  semi -axis  mi^or  ; 
the  third  term»  the  velocity  of  light ;  the  fourth  term,  the  Telocity  acquired 
by  infinite  fall  to  Sun's  sur&ce. 

V.  The  pendulum-factor,  8,  appears  in  the  Jovian  system,  in  a  primitive 
radius  =:  8*  x  1.433  =  88.434  semi  diameters,  1.433  being  the  theoretical 
ratio  of  the  radius  of  constant  volume  to  the  radius  of  constant  pressure.* 

The  following  table  shows  the  influence  of  harmonic  vibrations  upon  the 
positions  of  Jupiter's  satellites.  The  harmonic  divisor  for  Callisto  is 
very  nearly  1  4-  3  a;  the  other  theoretical  divisors  have  a  constant  third 

difference  of  a. 

Observed 
Theoretical  Harmonlo  DivlRora.         Divisors.       Quotients. 

1  =  1.000  1.000         48.434       Gaseous  radius. 


a        1  + 

a 

8a 

1.438 

1.433 

36.998 

Callisto. 

2a          1  + 

8a 

4a 

8a         1  + 

7a 

3.497 

3.503 

15.850 

Ganymede. 

7a 

4a         1  + 

14  a 

8.994 

8.998 

9.634 

Europa. 

11a 

5a         1  + 

35a 

6.346 

6.358 

6.048 

lo. 

16  a 

6<r          1  + 

41a 

% 

33  a 

7a         1  + 

68a 

39a 

8a         1  + 

93  a 

87  a 

9a          1  + 

139  a 

46a 

1  +  175  a 

88.434 

88.434 

1.000 

Semidiamc 

30.  The  Moon$  of  Saturn. 

The  photodynamic  centre  of  planetary  inertia  presents  the  following 
evidences  of  the  influences  of  mthereal  undulation  : 

I.  Titan,  Saturn's  giant  moon,  bears  witness  to  the  rupturing  tendencies 
at  the  centres  of  nebulosity  and  of  planetary  inertia,  in  the  pro^iortion  : 

Saturn's  secular  perihelion  :  Jupiter's  mean  perihelion  :  :  Titan's  semi- 
axis  major  :  Sun's  semi-diameter.  ^ 

8.7344  : 4,9783  : :  .00817  :  .00466. 

IL  The  combined  influences  of  orbital  revolution  at  tlie  centre  of  density, 
and  of  Laplace's  tendencies  to  synchronism,  are  shown  in  the  approximate 
equivalence  of  the  terrestrial  year  to  33  orbital  revolutions  of  Titan. 

866.3565  =  38  X  15.934 ;  Titan's  orbital  period  =  15.945  days. 
♦  Proc.  Am.  Phil.  Soc  xlv,  651. 
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III.  Saturn *8  satellite  system  presents  two  sets  of  harmonic  indications. 
Titan's  mass  being  so  great  as  to  establish  an  independent  series  of 
divisors. 


DlRtanoe. 

Divisors. 

Harmonic  Divisors, 

Japetus, 

64.859 

1.000 

1.000 

Hyperion, 

26.705 

2.402 

2.897  = 

=  l  +  a 

Rhea,  aphelion. 

9.747 

6.608 

6,588 

l  +  4a 

Dione, 

6.821 

0.486 

0.884 

l  +  6a 

Tethys, 

5.825 

12,087 

12.170 

l  +  8a 

Enceladus, 

4.800 

14.066 

14.074 

1  +  10  a 

Mimas, 

8.861 

10.206 

19. 166 

1  +  18  a 

Japetus, 

64.859 

1.000 

1,000 

Titan, 

22.084 

2.914 

2.020  = 

=  1  +  6 

Rhea,    • 

9.526 

6.756 

6.760 

1  +  86 

Semi-diameter, 

1.000 

64.850 

64.850 

1  +  886 

81.  Th$  MoofM  of  Uranu** 

The  outer  moon  of  Jupiter,  the  giant  moon  of  Saturn,  and  the  inner 
moon  of  Uranus  are  the  ones  wliich  give  the  most  direct  testimony  to  the 
harmonic  influence  of  planetary  oscillations.  Tiie  primar}'  satellite-har- 
mony is  determined  by  the  Joint  influence  of  Jupiter,  Earth  and  Sun,  in 
the  systems  of  Earth  and  Jupiter ;  Stiturn,  Venus  and  Sun,  in  the  system 
of  Mars;  Jupiter,  Saturn  and  Sun,  in  the  Saturnian  system;  Jupiter, 
Uranus  and  Sun,  in  the  system  of  Uranus.  The  nudeal  centre  has,  there- 
fore, modifled  all  the  systems ;  the  centre  of  nebulosity,  all  but  the  systems 
of  Mars  and  Neptune ;  the  centre  of  planetary  inertia,  its  own  nystem  and 
that  of  Mars;  the  centre  of  condensation,  its  own  system  and  that  of 
Jupiter.  Tlie  influence  of  each  planetary  radius  appears  in  its  own  system; 
the  influence  of  the  radius  vector  also  appears,  except  in  the  case  of  Mars, 
the  outer  planet  of  the  dense  belt,  which  siiows  the  interaction  of  mean 
planetary  inertia  in  the  outer  belt  and  internal  rupturing  tendencies  in  the 
inner  belt 

I.  The  mean  rupturing  locus  of  Uranus  :  Jupiter's  mean  locus  of  sub- 
sidence : :  Sun*s  semi^diameter  :  Ariel's  semi-axis  m»\jor, 

18.828  :  5.427  : :  .00466  :  .00188. 

II.  The  outer  moon  of  the  Uranian  system  represents,  within  less  than 
two  per  cent.,  the  retarded  extremity  of  a  linear  pendulum,  of  which  the 
inner  moon  represents  the  centre  of  oscillation.  The  liarmonlc  divisor  for 
the  second  moon,  as  in  the  Jovian  system,  is  of  the  form  1  +  2  a.  The 
subsequent  difliBrences  are  multiples  of  5,  the  range  between  1  +  2  d  and 
1  +  127  a  being  5'  a.  The  harmonic  details  are  shown  in  the  following 
table : 


Distance. 

Divisors. 

Harmonic  Divisors. 

Ol)eron, 

22.75 

1.000 

1.000 

Titania, 

17.01 

1.887 

1.848  =  1  +2a 

Umbriel, 

10.37 

2.104 

2.100       1  +  7  d 

Ariel, 

7.44 

8.058 

8.055       1  +  12  tf 

Semi-diameter. 

1.00 

23,750 

23.750       I  +  137  rt 
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S2.  Neptune's  Moon. 

Is  Neptune  the  outer  limit  of  our  planetary  system,  or  may  we  look  for 
still  more  distant  members  of  our  family  of  circling  orbs?  Astronomers 
find  indications  of  some  further  source  of  remote  perturbation,  and  attempts 
have  already  been  made  by  Prof.  George  Forbes  and  D.  P.  Todd  to  fiimish 
a  clue  to  its  discovery.  More  than  eight  years  ago,  I  oommonicated  to  the 
American  Philosophical  Society*  a  planetary  series  which  introduced  the 
ratio  of  the  circumference  of  a  circle  to  its  diameter,  which  is  also  the 
photodynamic  ratio,  ^X  Sun's  surface*  between  the  reactions  wklch  repre- 
sent the  velocity  of  light  and  the  reactions  which  represent  the  maxrimum 
of  planetary  velocity  at  Laplace's  limit.  The  two  terms  of  the  series 
which  immediately  follow  Neptune  are  94.38  and  296.52  times  Earth's 
semi-axis  major.  Forbes,  by  investigating  the  perturbations  which  are 
indicated  by  the  aphelia  of  comets,  has  strikingly  corroborated  this  forecast.  | 
The  abstract  of  his  memoir  read  before  the  Royal  Society  of  Edinburgh  ] 
saysf :  "On  tabulating  the  aphelion  distances  of  all  the  known  elliptic 
orbits  of  comets,  it  was  found  that  in  no  case  was  there  any  grouping  of 
aphelion  comet  distances  which  did  not  agree  with  the  distances  of  planets, 
except  that  beyond  tlie  distance  of  Neptune  there  were  two  groupings  of  I 
comet  aphelion-distances,  one  at  100  Earth's  radii,  the  other  at  300  Earth's 
radii,  approximately."  The  perihelion  or  rupturing  positions  which  are 
indicated  by  his  investigations  are  96.7  and  285.2. 

Both  of  these  investigations  were  entirely  independent  of  my  own,  and 
neither  of  the  writers  gives  auy  indication  of  ever  having  read  my  paper. 
There  is,  therefore,  cumulative  and  conclusive  evidence  of  harmonic  influ- 
ences, beyond  the  known  limits  of  the  planetary  system  as  well  as  between 
the  interior  limits  of  the  system  and  the  Sun.  The  similarity  of  those  in- 
fluences, their  dependence  upon  photodynamic  action,  and  their  importance 
as  guides  to  investigation,  are  shown  in  the  following  note  (33). 

Neptune's  satellite-harmony  \&  the  only  one  which  involves  the  consid- 
eration of  only  two  of  the  members  of  the  system.  Sun  and  itself.  This 
fact,  as  well  as  the  slight  secular  eccentricity  of  Neptune's  orbit,  seems 
to  render  it  probable  that  the  supra-Neptunian  harmonies  may  indicate 
asteroidal  rather  than  planetary  aggregation.  If  Neptune  represents  the 
primitive  belt  of  subsidence- collision,  the  corresponding  nebular  radius 
was  f  X  its  secular  aphelion  radius- vector,  or  45.704  X  Earth's  semi-axis 
major.     We  find,  accordingly,  that 

I.  Sun's  mass  :  Neptune's  mass  :  :  Nebular  radius  :  Neptune's  lunar 
radius-vector. 

19380  : 1  :  :  45.704  :  .00286. 

II.  Sun's  semi-diameter  :  Neptune's  lunar  radius  :  :  Modulus  of  light  : 
virtual  projection  of  light- velocity,  very  nearly;  t.  «.,  within  1.3  per  cent. 

.00466  :  .002S6  :  :  1  :  .5065. 

•  Proceedings  A.  P.  S.,  xlll,  140 ;  Feb.  7, 1873. 
t  The  Observatory,  No.  38,  p.  441. 
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88.  Ifhfira-MercHrial  Ph^todjfnamic  Nodes, 

In  my  original  anticipation*  of  harmonic  no<le8  between  Mercury  and 
tiio  Sun,  I  looked  fbr  |>08siblu  unknown  planets,  planetoid  groups,  or  other 
seats  *'of  solar  and  planetary  perturbation/'  The  announcement  f  to  the 
Boyal  Society,  seven  weeks  afterward,  of  a  8un>spot  period  which  was 
synchronous  with  the  revolution  6f  the  first  in fhi-Mercurial  node,  ftirnished 
conclusive  evidence  of  the  predictiH)  |>erturbation8 ;  tlie  observation  of  sup- 
posed planetoid  bodies,  by  Watsim  and  Swift,  rendered  it  probable  that 
some  of  the  perturbation  is  due  to  actual  planetoid  influences  ;  the  discus- 
sions of  planetoid  sun-spots,  by  Kirk  wood,  Mouches,  Qaillot,  and  Von 
Op|H)l£er,  indicated  four  additional  periods  {  in  close  accordance  with  four 
other  harmonic  nodes  ;  a  sixth  node  (.180)  marlis  the  locus  (.140)  of  orbital 
time,  which  is  a  mean  pit>iK)rtion  between  £arth*s  day  and  year ;  the  six 
inner  nodes  have  im^^ortant  pliotodynamic  relations  which  merit  special 
consideration. 

Tlie  DM  «iV<i,  and  consequently  the  modulus  of  the  Telocity  of  any  re- 
volving imrticle,  varies  inversely  as  the  radius  vector.  Hence,  the  photo- 
dynamic  modulus  of  aggregating  velocity  (M^)  :  modulus  of  reacting  mass 
(M^)  :  :  radius  of  reacting  mass  (r^)  :  radius  of  aggregating  velocity  {r^^)* 
Thequotientofmodulusby  the  radius  of  rotation  is  equivalent  to  (k  v)*,  v  be- 
ing the  quotient  of  V  yr  by  the  velocity  of  rotation.  The  controlling  liodies 
of  the  system  are  Sun  and  Jupiter,  and  if  we  take  Jupiter*s  mass  as  the  re- 
volving unit  of  mass,  Sun,  the  reacting  mass,  will  be  represented  by 
1047.879.    If  n  designates  the  quotient  of  £arth*s  semi-axis  mi^jor  by  Sun*B 

radius  (r\  U.-^(       ^^^^^^®       V  ,Uz^(rx  1047.879)»,    If  n  ^ 

814.5,  M;^  - :  (6e8.878)«;  v  —  688.878  -^  w  =  819.28  :  r^^  —  M^  -*-  M^  = 

2d.84  ;  tlie  time  of  revolution  at  Sun's  surfkce  ((q)  ^  31558149  sec.  -(-  814.5^ 
=  10045.5  sec;  the  time  of  solar  half-rotation,  or  the  time  in  which  gravi- 
tating reaction  (  o  }  against  photodynamlc  action  equals  tlie  velocity  of 

light,  {t^)  ^  a  ^  ~  18.747  days;  r^  is  the  locus  which  I  have  designated 
as  Helios, §  or  the  distance  at  which  a  planet  would  revolve  in  l^^.    This 

gives,  for  the  ftindamental  radius  of  my  hannonic  fbreoutts.  8.5134  x  Earth's 
semi-axis  mi^Jor,  whidt  oxct»eds  Jupiter's  moivn  Imnis  of  subsidence  col- 
lision (}  of  5.W^*<)  by  less  than  1.8  iwr  cent.  The  closeness  of  the  in- 
dependent verifications,  by  various  observei's,  is  shown  In  the  following 
table : 

•  Proa  Am.  Phil.  Soc.,  xlll,  2»S ;  New  York  Tribune,  May  S,  1873. 

t  Proo,  .\m.  Phil.  Soc,  xlll,  470. 

tib.  xvlll,Sft,J». 

I  Proo.  Am.  Phil.  Soc.,  xvltl,  35. 


Harmonic  Prediction. 

i  = 

3.513 

* 

.708 

i 

.390 

A 

.270 

tV 

.207 

tV 

.185 

A 

.167 

A 

.141 

A 

.131 
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Calculation  flx>m  ObservHtion. 
Node  of  subsidence,  3.513 

Venus,  mean  perihelion,      .698 
Mercury.  .387 

De  LaRue,  S.  and  L.,  .267 

Kirkwood,  .209 

Gaillot,  (Watson.  II)  .180 

Gaillot  &  M.,  (Watson,  I)    .164 
Chase,  .140 

Von  Oppolzer,  .123 

I.  The  first  of  the  six  inner  nodes,  is  r^^  =  22.84  Sun's  semi-diameteis,  or 

nearly  =  ^  Node  of  subsidence  =  .1065  Earth's  semi-axis  major.    The 
others  are  found  as  follows : 

II.  1  -^  366.2565^  =  .0195        Earth's  semi-axis  major. 

III.  (9>»  55»  26-.5  H-  1  year)^        =  .0109 

IV.  2^  H-  214.5  =  .0074 

V.  T-g^    -^214.5  =.0057 

VI.  1  -^  214.5  =  .0047 

All  of  these  nodes  represent  synchronous  oscillations  which  are  doe  to 
mutual  actions  and  reactions  among  the  three  important  centres  of  nncleft- 
tion  (Sun),  condensation  (Earth),  and  nebulosity  (Jupiter).  While  they 
are  all,  unquestionably,  radiodynamic,  their  simple  dependence  upon  the 
equality  between  Sun's  nascent  velocity  and  the  velodty  of  light  obviooslT 
refers  them  to  the  photodynamic  branch  of  radiodynamics.  Can  any  good 
reasons  be  given  for  regarding  them  as  in  any  sense  thermodynamic  or 
electrodynamic  ? 

The  accordance  of  these  six  inner  nodes  of  synchronism  with  the  har- 
monic nodes,  is  shown  in  the  following  table : 

Harmonic  nodes.        Synchronous  nodes. 


<(  ft  (f 


|<  <C  i( 


«  U  I* 


it  tt  <( 


I.  .V 

,1065 

,1069 

Velocity  of  light. 

Il-rfr 

.0199 

,0195 

Earth's  day. 

HI.  Tk 

.0109 

.0109 

Jupiter's  day. 

IV.  lis 

.0076 

.0074 

Two  revoluUons  at  r  . 

V-  yi^ 

.0058 

.0057 

Solar  subsidence. 

VI.  riT 

.0047 

.0047 

Sun's  semi-diameter. 

34.  Photodynamic  Projection  of  Hydrogen, 

The  principles  which  are  involved  in  Note  16  and  in  the  first  synchronoas 
node  of  the  foregoing  note,  are  further  illustrated  by  the  ample  relttioDS 
which  the  molecular  velocity  of  hydrogen  bears  to  the  velocity  of  hgii^ 
(«j^),  the  velodty  of  equatorial  solar  rotation  (v^)*  ^^^  Earth's  secular  eooen* 
tricity.  The  reaction  of  gravitation  against  photodynamic  action,  at  ^ 
centre  of  any  stellar  system,  requires  that 

Modulus  of  light  :  Stellar  semi- circumference  : :  Vj^ :  c^ 
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The  projections  of  hydrogen  in  solar  explosions,  together  with  the  many 
indications  that  hydrogen  represents  the  first  known  stage  of  sethereal  con- 
densation, make  it  probable  that  Earth's  orbital  projection  (  P  =  i  2l  :)> 

and  the  molecular  velocity  of  hydrogen  («|^)  may  also  be  directly  dependent 
upon  photodynamlc  action.    Such  dependence  is  shown  by  the  equation 

p  t»|,  =  «,. 

1.0888 
The  secular  value  of  p,  according  to  Stockwell,  is  "rMQ^  =  1.06904 ;  mo- 
lecular velocity  of  hydrogen  v^^,  at  the  temperature  of  maximum  water- 

277 
density,  is  ^^li  X  6060  =  6004.14  ft  =  1.1542  miles;  hence  v^  or  Sun^s 

equatorial  velocity  of  rotation,  1.06004  X  1.1548  =  1.285  miles.  Multiply- 
ing by  the  number  of  seconds  in  12.747  days  (i^,  see  foregoing  note)  and 
dividing  by  tt,  we  get  482,981  miles  for  Sun*8  semi-di«uneter,  and  214.5  X 
482,081  =  02,868,700  miles  for  Earth's  semi-axis  major.  These  relations, 
also,  are  photodynamically  radiodynamic,  but  it  would  be  difficult  to  find 
in  them  any  evidence  of  thermodynamic  or  electrodynamic  action. 

85.  ^Ether$al,  OiueouB  and  Planetary  DemiiiM, 

I  have  already  given  two  approximations*  to  the  comparative  tethereal 
ratio  of  elasticity  to  density,  and  one  approximatlonf  to  the  relative  densi- 
ties of  ffither  and  hydrogen.  The  accumulating  evidences  of  universal 
photodynamlc  energy,  leading  to  various  accordant  «Bthereal,  gaseous  and 
cosmical  harmonies,  are  such  as  to  justif^'  another  tentative  step  in  the 
same  direction.  From  chemical  analogy  the  planetary  aggregations,  at 
the  centres  of  nebulosity  (/15)  and  of  density  (ji^),  may  well  be  presumed  to 
give  indications  of  the  comparative  energies  of  condensed  and  of  uncon- 
densed  eethor.    We  may,  therefore,  hypothetlcally  assume  that 

Us :  /As  : :  Projectile  gaseous  dm  tiva  :  ^£thereal  «i«  oCfo. 

The  quotient  of  Sun's  mass  (/i^)  by  Eartli's  mass  (ri,),  which  is  indicated 
by  the  foregoing  note,  is  882,618,  This  gives,  fbr  the  quotient  of  Jupiter's 
mass  (jtift)  by  fj^  817.416,  and  for  the  velocity  of  light,  186:588  miles.  Sub- 
stituting these  values  in  the  above  proportion,  and  designating  the  densities 
of  lether  and  of  hydrogen  by  d^  and  ^i^,  we  get 

817.416    _  (\        (  1.285  \« 
1   -  —  y  X  V18C538/ 

^^  =  7.242.500,000.000  t\ 

This  exceeds  the  ratio  which  was  deduced  fVom  (ethereal  and  gravitating 
interactionf  by  a  little  more  than  six  per  cent.  But  in  that  approximation 
the  factor  of  terrestrial  projection,  p  =  1.06904,  was  omitted.  If  we  intro- 
duce this  factor  and  increase  our  estimate  of  Earth's  density  about  |  of 

*  Proo.  Am.  Phtl.  Soo  ,  ix,  440 ;  xtl.  407. 
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one  per  cent,  the  aooordanoe  between  the  two  independent  ap]>roxi]iiatio:i5 
will  be  exact.  If  the  sethereal  density  towards  the  centre  of  density  t^.^^ 
inversely  as  the  square  of  the  distance  from  Son,  the  ratio  at  £Ani  i 
orbital  distance  should  be  333,230,000,000,000,000,  representing  about  nr: 
and  a  half  times  the  sethereal  density  which  Sir  William  Thomson  gires  if 
his  lowest  estimate. 

36.  The  ExperimerUum  Cnieis. 

At  the  meeting  of  the  American  Philosophical  Society  in  ^wliich  I>r. 
Henry  Draper  announced  his  discovery  of  oxygen  in  the  Son,  he  proposed 
that  I  should  test  my  theory  of  harmonic  SBthereal  action  by  an  examina- 
tion of  the  solar  spectrum.  I  accordingly  sent  a  note  to  the  Society,  on  the 
23d  of  August,  1877,*  in  which  I  showed  that  the  wave-lengths  of  five  of 
the  Fraunhofer  lines  were  in  harmonic  progression,  and  that  four  of  theoi 
were  also  figurately  harmonic,  viz : 

Divisors.  Harmonic  i^noUeiia. 

1.0000  761.20 

1.1071  =  1  +    7  X  .0153  687.56 

1.2907  =  1  +  19  X  .0153  589.76 

1.5661  =  1  -}-  37  X  .01p3  486.05 

1.9333  =  1  +  61  X  .0153  39S.73 

The  cosmical  importance  of  these  harmonies  is  shown  by  thw*  relatioB 
to  the  projectile  energies  of  Sun  Qj^)  and  Jupiter  (ju^),  as  measared  by  tlie 
product  of  their  respective  masses  by  their  perihelion  vector-radiL     For 

'^P'-'"f*  =  .0153. 

I  showed,  moreover,  that  the  combined  photodynamic  influencse  of  the 
centres  of  nucleation  and  of  nebulosity,  fi^  and  j^,  is  traceable  in  the  remain- 
ing Fraunhofer  and  other  subordinate  lines,  viz : 

Lines.     Wave-lengths.  Divisors.  Harmonie  Qootientt. 

1.1530  =  1  +  10  X  .0153  660.19 

1.1989  =  1  -f  13  X  .0153  634.93 

1.3825  =  1  4-  25  X  -0153  550.60 

1.4437  =  1  -f  29  X  .0153  537.26 

1.4743  =  1  +  31  X  .0153  516.31 

1.6579  =  1  +  43  X  .0153  459.13 

1.7650  =  1  4-  50  X  .0153  431.27 

The  influence  of  the  pendulum -factor  is  shown  in  the  tendency  to  differ- 
ences among  the  harmonic  divisors,  which  are  multiples  of  3  x  .0158  or 
8ub-multiples  of  2^  x  3  x  .0153. 

37.  Supra- Telluric  .^Xhereal  and  CoMtieal  Node», 

The  crucial  demonstration  of  the  law  of  harmonic  osdllation,  in  the 
sethereal  medium  as  well  as  in  the  bodies  which  are  whirling  in  its  eddies. 

•  Proc.  xvii,  109-12. 
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gave  (xmdusivc  evidence  of  the  importance,  in  all  physical  invesUgations* 
of  studying  elastic  reaction  as  well  as  centripetal  or  oentrifUgal  action. 
An  important  fact^  in  connection  with  such  comparative  study,  is  the  varia» 
tion  of  clastic  density  in  inverse  geometrical  ratio,  when  distance  varies  in 
arithmetical  ratio.  We  may*  therefore,  look  for  exponential  harmonic 
relations  hetween  planetary  positions,  of  a  character  analogous  to  the  simple 
harmonic  relations  between  wave  lengths.  Let  k^  represent  the  kinetic 
projectile  ratio  of  Neptune,  Sun's  semi-diametor  being  the  unit ;  A^,  the 
mean  projectile  ratio  of  the  nebular  centre  of  planetary  inertia ;  k^  the  pro- 
jectile ratio  of  the  centre  of  spherical  gyration  of  the  centre  of  condensa- 
tion ;  X^,  Xf^,  etc.,  the  corresponding  wavo-lengths ;  <x,  the  i*atlo  of  orbital 

time ;  t^,  the  ratio  of  photodynamlc  time ;  «^,  orbital  velocity  at  the  rup- 
turing locus  of  mean  planetary  inertia ;  ox,  orbital  velocity  at  tlie  sub- 
sidence locus  of  mean  planetary  inertia ;  n,  the  quotient  of  Earth's  semi- 
axis  major  by  Sun's  seml-diamctcr.    Then  we  have : 

log.  k^\  log.  k^  ::  ;^  :  A^ ^l) 

log.  k^  :  log.  *y  : :  X^  :  Xy (2) 

A^:  Xy  ::  8M  4* (8) 

tx  :  t^  : :  <V  :  «x (4) 

These  four  proportions  fVirnish  data  for  estimating  the  four  photodynamlc 
values  which  are  least  known,  by  substituting  the  six  which  are  best  known. 
In  equation  (1),  the  estimates  of  k^  range  between  80.034  n  (StockwoU)  and 
80.070  fi  (Newcomb),  the  estimates  of  n  varying  (torn  214,8  to  214.0.  As 
the  uncertainty  of  n  Is  the  greater,  I  adopt  It  as  one  of  the  four  unknown 
quantities,  and  use  Lcverrier's  intermediate  coefHciont,  80.067.  For  X,^  I  take 
the  wave-length  of  the  Fraunhofer  line  A,  7012  ten  mllllonths  of  a  milli- 
meter. In  equation  (2),  in  the  asthereal  sphere  of  which  the  centre  of  con- 
densation is  the  nucleus,  the  mean  projection  of  spherical  gyration  is  repre- 
sented by  .4  n,  and  the  radius  of  solar  reaction  {k  )  by  .6  n.  In  equation 
(8),  the  numbers  8  and  4  are  linear  representatives  of  the  exponential  radii 
of  synchronous  nucleal  and  atmospheric  nebular  variation  ;  8^  Is  the  pen- 
dulum ratio  of  varying  ceutml  force:  4*  Is  the  ratio  of  variation  In  the  cen- 
tripetal energy  of  nodal  collisions  in  paraboloidal  aggregation.  In  equa- 
tion (4),  <x  =(80.087  n)^ ;  <;^  =^thc  solar  modulus  of  light  divided  by  Sun's 

semUdlamotor  ^  I        \       ^^^   ^- J    z=  101700260  -»-  n;  « 

V2  Trni  X  407.827/ 

/I  4-  «\k 

C  .  2— j  ,  6  being  the  maximum  secular  eccentricity  of  the  planetary 

aggregation  (Saturn)  at  the  nebular  centre  of  planetary  inertia.  Making 
these  substitutions,  we  got, 

log.  80.087  n  :  log.  k^  i :  7612  :  ;i^ (l)i 

log.  80.087  n  :  log.  .6  n  : :  7612  :  Xy (2)i 

(80.087  n)^  :  101700260  i   n  : :  (1  +  6)^  :  (1  —  «)* (4)i 
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Solring  the  proportions,  we  find  the  foUowing  accordances  : 

Thsoretloal.               Obaervotl. 

llatlo  of  Dlfltorence. 

n          814.45           dl4.45 

Brit.  Naut.  Almanac.      0  of  one  per  cent. 

k^             1.1868           1.1S49 

Stock  well.                        )     •* 

l^          148.80           148.18 

liockyer,                          ^^    *•          ** 

^         4315.55         4816.00 

Lockyor,                          S^    '* 

(l  +  #)*:(l— d^*::D^:f,::| 

[1.0853)*  :  (.0148)*  : :  (t.l808)*  :  I  :  :  {k^^)^  :  I 

k^  =  6441.4 

k  =    188.67 

^  =:      10.467 

The  same  principles  are  f\irther  illustrated  in  the  following  comi>aratiye 
Uble: 

Harmon  lo  Harmonic 

Exponents  and  Divisors.  Hoots.    Obaorved.  Quotients,  Obaorvetl, 


l.OiKX) 

6441.4 

6441.4 

Neptune, 

7018 

7618  A. 

1.05855 

-1+    iX 

.0158 

4185.1 

4118.9 

Uranus. 

7385 

7196  a. 

1.1071 

1+    7  X 

.0158 

8757.7 

8743.6 

C.  0.. 

6876 

6875  B, 

1.15a0 

I  +  10  X 

.0158 

90U.8 

8045.6 

S^iturn. 

6609 

6567  (\ 

1.1080 

i  +  isx 

.0158 

1508.5 

1510.7 

Uoom.  mean, 

8849 

6840 

1.8448 

i-ht«x 

.0158 

1U8.0 

1115.7 

Jupiter, 

6857 

6386 

1.8907 

i  +  t»x 

.0158 

808.6 

898.6 

*     *• 

5898 

5897  T). 

1.8868 

1  4-38  X 

.0158 

707.6 

707.6 

®  0 

5695 

5687 

1.8885 

1+95  X 

.0158 

569.1 

569.8 

© 

5506 

5607 

1.4884 

1  +  88X 

.0158 

464.1 

457.3 

^ 

6889 

5874  R. 

1.4748 

1  +  81  X 

.0158 

888.4 

888.8) 

5168 

5177  b. 

1.6808 

1  +  84X 

.0158 

880.8 

836.8 

>Mars. 

5007 

5011 

1.6661 

1+87X 

.0168 

870.5 

870.8 

4800 

4865  F. 

The  "exponents  and  divisors  **  are  terms  of  an  arithmetical  progression, 
as  was  shown  in  the  foregoing  note,  the  common  difference  (.0168 ;  Note 
80)  representing  a  differential  action  of  Sun  and  Jupiter,  tlie  two  controlling 
masses  of  the  system.  Therefore,  all  the  roots  which  are  obtained  fVom 
6441.4  by  using  the  series  as  exponential  denominators,  are  harmonic  roots, 
and  all  the  quotients  which  are  obtained  fVom  7613,  by  using  the  series  as  dl> 
▼Isors,  are  liarmonlc  quotients.  Tlie  '*  observed*'  roots  represent  the  mean 
planetary  distances,  if  n  =  814.45  ;  the  **  oliserved  "  wave-lengths  are  given 
by  Glbbe,  in  the  American  Journal  of  Science,*  except  a,  which  Is  Inter- 
polated from  Angstrom's  table.  It  is,  therefore,  evident  that  the  external 
planetary  positions  and  the  most  prominent  spectral  lines  are  l>oth  influ- 
enced by  tlie  same  harmonic  oscillations  in  the  tether,  modified  by  the  law 
of  density  in  the  planetary  nodes,  and  by  the  law  ot  simple  distance  in  the 
exctirsions  of  wave-lengths. 

Harmonic  influence  is  also  shown  in  the  nmtisi  which  corrcs|)ond  to 
Uranus's  linear  centre  of  oscillation,  the  geometricnl  mean  between  the 
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oentres  of  nebulosity  and  of  nebular  planetary  inertia,  it  of  Jupiter,  the 
mean  distance  of  asteroids  167  and  168,  asteroid  85  and  asteroid  149.  The 
four  roots  between  808,6  and  464.1  are  all  astoroidal,  tlie  centre  of  asteroidal 
density  being  represented  by  560.1.  Newcomb  gives  the  mean  distances  of 
178  asteroids,  of  which  104  are  at  mean  distances  ranging  between  506  and 
504,  The  curve  of  frequency  has  a  maximum  at  566 ;  the  mean  distance  of 
the  four  chief  asteroids  in  point  of  magnitude,  Ceres,  Juno,  Pallas  and 
Vesta,  is  567  ;  the  mean  disttince  of  the  five  which  include  the  maximum 
and  are  limited  by  equal  ordinates  of  frequency,  is  560.1.  The  mean  dis- 
tance of  Mars  is  an  arithmetical  mean  between  888.8  and  270.8,  which  cor- 
respond very  nearly  with  the  secular  apsides. 

88.  NtHlM  in  ih$  D4M$  Belt. 

In  my  harmonic  antici|)ation  of  intra-Mercurial  planets,^  I  showed 
that  the  controlling  influence  of  Jupiter  is  moilifled  by  the  nodal  influences 
at  the  centre  of  the  dense  l)elt.  This  moiliflctUion  is  also  shown,  and  per- 
haps more  strikingly,  in  the  relations  between  the  tetliereal  and  cosmical 
nodes  within  the  belt.  If  we  begin  w*ith  Mars,  at  the  outer  limit  of  the 
dense  belt,  and  take  successive  increments  of -^j^  x  .0158,  weflndtlie  follow- 
ing accordances : 

Hnrmonlc  llnrmoulc 

Rxponeiits  nnd  DlvUors.      Roots.  Observett.  Q,uotl6nt«.  Observed. 

1.5809  =  1  +  J»a«   X  .0158  890.8  896.8  Mars,  5007       6011 

1.6850  1   f.  V   X  .0158  918.0  914.4  Earth,  4656       4671 

1.7407  1  +  V   X  .0158  150.8  149.7  Venus,  m.  p..  4850       4810  G. 

1.8644  l+4ax.0l58  110.4  110.7  «'     I.e.  a,  4088       8979  H. 

1.9799  1  +  ^*  X  .0158  84,0  88,0  Mercury,  8846 

9.0989  1  +  ija  X  ,0158  65.9  65.9  '*  '  p.,  8685 

9.9087  1+S^«x.0158  58.0  55.8  «•  I.e.  o.,  8446 

The  infl^a-Telluric  loci  whlcli  represent  the  harmonic  roots  are  Venus*s 
mean  |>erihellon :  Venus's  linear  centre  of  oscillation  of  incipient  subsi- 
dence, or  of  secular  aphelion  ;  Mercury,  semi-axis  major ;  Mercury,  yierU 
hellon  ;  Mercury,  linear  centre  of  oscillation.  All  of  the  harmonic  roots, 
lH)th  supra-asteroldal  and  infra-asteroidal,  corres|>ond  prtoiMly  with  plane- 
tary  loci,  and  very  nearly  with  apsidal  or  mean  |K)sitions.  All  the  harmonic 
quotients  represent  regions  of  si^ectral  interference,  and  correspond  very 
nearly  with  the  mean  iMwltions  of  important  spectral  lines.  The  numer> 
ous  evidences  which  have  been  adduced  of  the  influence  of  planetary  dis> 
turbances  upon  Sun  spots,  together  with  Lock^*er*s  explanation  of  the  spots 
by  **the  approacli  or  retreat  of  vapor,"  seem  to  Justify  a  carefnl  and  sys- 
tematic study  of  the  variations  in  the  position  and  breadth  of  spectral 
lines,  such  as  I  recommended  in  my  note  of  August  98,  1877,f  By  obser- 
vations at  different  hours  of  the  day,  it  would  soon  be  fbund  whether  there 
is  any  systematic  daily  variation ;  three  months  would  sufRce  for  approxU 

•Proo.  Am.  PhU.  Hoc.,  xlU,  8)7«0. 
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mately  estimating  the  disturbing  influence  of  Mercury  ;  and  in  a  year  all  the 
planetary  regions  of  the  spectrum  might  be  studied.  The  relations  of  the 
C  line  to  Saturn  and  to  hydrogen  may,  perhaps,  be  found  specially  inter 
eating. 

39.  "Baste  Lims,** 

The  values  of  A©  aid  Xy  (Note  37)  serve  to  connect  Lockyer's  basic  lines 
with  sethereal  and  cosmical  nodes. 

Harmonics.  Basic  Lines. 

4*  X  >lo  =  4215.6  4215 

(4*  4-  T»)  X  Ao  =  5022.4  5017 

(4*  4-  7«  -f-  3«)  X  Ao  =  5170.6  5170 

(4*  4-  73  4-  3»  4-  2«)  X  >lo  =  5236.5  5235 

(4  *+  82)  X  ^  =  5269.4  5269 

(4*  +  8^  +  8')  X  >lo  =  5417.6  5416 

4»  X  5^  X  Ao  =  6586.8  6567 

The  third  and  fifth  "basic  lines''  are  double.  Lockyer  gives  for  the 
third,  &3,  64 ;  for  the  fifth,  5268,  5269.  Gibbs  gives  5177  for  the  length  of 
the  b  line;  Angstrom's  table  gives  5167,  5164,  for  63,  64.  The  meac. 
according  to  Gibbs'  measurements,  is  5170.  The  three  hydrogen  lines. 
a^  8^  Y^  correspond  nearly  with  the  Fraunhofer  lines,  C,  F,  and  6,  bu: 
Angstrom  makes  the  wave-length  of  the  y  line  4340.  The  three  lines 
may  be  expressed  by  4«  x  5*  x  >lo  =  6586.8;  (4*  -f  5  X  25)  x  ^  =  4873.:. 
(4*  +  2»)  X  >lo  =  4346.7. 

40.  Chemical  Spectra. 

Soon  after  my  announcement  of  the  accordance  between  the  simple  h&r- 
monic  wave-lengths  in  the  solar  spectrum  and  the  exponential  harmonic, 
lod  in  the  solar  system,  I  showed  *  that  the  law  of  harmonic  vibnOion  al>' 
extends  to  the  spectra  of  chemical  elements.  The  following  accordances 
are  especially  interesting  in  relation  to  the  basic  lines: 

Normal  Differences.  Observed. 

Hg.,  5438.0 -f    2^  =  5460.9  5428.0  5461.3 

Pb.,  4390.7+    6^  =  5378.7  4390.7  5377.1 

Li.,  4599.3  +  12  ^  =  4796.9  4599.3  4794.8 

Rh.,  Ir.     5305.2+    9  ;(,  =  5453.6  5305.2  5454.4 

Cu.,  5292.7  +  30^^0  =  5786.7  5293.0  5786.7 

As.,  5385.5  +  51  ^0  =  6174.7  5335.5  6175.4 

5787.3  +  20^  =  6116.6  5787.3  6116.7 
Zn.,           4723.2  +  84^  =  6106.4  4722.5  6106.4 

6106.4  +  16  i^o  =  6369.9  6106.4  6369.9 

The  tendency  to  composite  and  pendulum  multiples  of  the  Imidaiiieau. 
line  isalso  shown  here  ;2,2x3,2*x3,3«,  2x3x5,  3x  (2*  +  l),««xx 
2*  X  3  X  7,  2*.    The  Arsenic  line,  5385.5,  is  2*  X  8*  X  a«  ;  in  the  tv.> 

•Ib.xvii,a87-»>1. 
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copper  lines  which  precede  the  two  whidi  I  have  given,  the  differences  are 
f  of  80  ^  and  f  of  m  ^. 

41.  The  Cf^rofia  Line. 

In  the  communication*  which  led  to  my  spectroscopic  investigatlonst 
Dr.  Draper  anticii>ated  the  probability  of  finding  a  key  to  <*  the  1474  K  or 
corona  line.*'  The  following  accordances  may  help  towards  a  solution  of 
the  mystery.  The  numbers  in  tlie  right-hand  column  are  the  measure- 
ments by  Gibbs : 

Qeometric  Wave-lenffths.  Observed  Wave-lengths. 
4811.9  X  1.0305»*  =  6507.8  C    6506.7 

4811.0  X  1.0305^  =6881.7  1474  K    68^8.0 

4811.0  X  1.0805*  =  4863.8  P    4865.2 

4811.0  X  1.0805«  =  4811.0  G    4810.8 

I  have  shownf  that  the  harmonic  densities  of  0  and  G  are  photodynaml- 

cally  represented  by  the  loci  of  Saturn  and  Venus.    The  corona  line  is  a 

P      C 
mean  proportional  between  C  and  G.    The  exponential  ratio  of  q  to  p 

is  the  same  as  the  ratio  of  the  mean  moment  of  inertia  of  spherical  rotation 

1474  K      P 
to  the  moment  of  superficial  equatorial  rotation.    The  ratio  of  *-'p-    to  q 

is  the  same  as  the  ratio  of  variation  in  an  expanding  or  contracting  nucloal 
radius  to  the  atmospheric  radius. 

43.  The  ffydrogfn  LtMe. 

Lockyer  gives  ft>ur  hydrogen  lines,  0,  P,  p  h.  The  corresponding 
geometric  wave-lengths  give  the  equations,  Ph*  =  ^* ;  P"  =  C*h\ 

Geometric  Wiwe-Ieiigths.  Angstrom's  Wave-lengths. 
4000.5  X  1.01485"  =  6560.2  0    6561.8 

4000.5  X  1.01485"  =  4868.0  P    4860.6 

4000.5  X  1.01485*  =4880.0  y    4840. 

4000.5  X  1.01485<>  =  4000.5  h    4101.2 

The  most  prominent  line  in  the  hydrogen  spectrum,  and  the  only  one  in 
some  cases,  is  P,  whicli,  t\s  I  have  shown,  is  geometrically  connected  with 
the  corona  line  and  with  im|)ortant  cosmical  ntKles. 

48.  Three  Ordert  of  Spectra. 

The  two  foregoing  notes  inti*oduce  a  new  order  of  spectra  which  seems 
to  be  of  a  more  elementary  character  than  either  of  the  two  which  I  have 
previously  considered.  The  geometrical  progression  of  wave-lengths  sug- 
gests a  repetition  of  impulse,  while  the  absence  of  some  of  the  terms  of  the 
progression  indicates  a  want  of  complete  homogeneity. 

The  second  order  is  that  of  the  basic  lines,  which  consists  of  a  combina- 

•  Proc  Am.  Phil.  Soc.,  xvll,  77. 
t  lb.,  xvll,  loe-12. 
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tioQ  of  arithmetical  repetitions  of  a  fandamental  wave-length,  which  ia 
harmonically  related  to  cosmical  nodes. 

The  third  order  is  the  one  which  first  attracted  my  attention,*  consisting 
of  groups  of  wave-lengths  which  are  in  harmonic  instead  of  geometric  pro- 
gression, and  indicating,  like  the  first  order,  a  want  of  complete  homo- 
geneity. 

These  three  oiders  are  variously  blended  in  the  spectra  of  so-called 
chemical  elements.  The  character  of  the  blending  may,  perhaps,  serve  as 
a  guide  towards  the  resolution  of  the  spectra  into  simpler  constituents. 

44.  JEther,  C(yrona,  Hydrogen, 

In  a  communication  to  the  Society,  on  the  18th  of  December,  188S,  I 
showed  that  there  is  some  elastic  influence  between  Sun  and  Earth,  which 
enables  us  to  form  approximate  estimates  of  Sun's  mass  and  distance.  At 
the  close  of  the  communication  was  the  following  paragraph,  f 

^'The  revolution  of  the  Sun  around  the  great  Central  Sun  must  also 
cause  barometric  fluctuations  that  may  possibly  be  measured  by  delicate 
instruments  and  long  and  patient  observations.  The  Torricellian  column 
may  thus  become  a  valuable  auxiliary  in  verifying  or  rectifying  our  esti- 
mates of  the  distances  and  masses  of  the  principal  heavenly  bodies." 

In  various  subsequent  communications  I  have  shown  that  electricity , 
magnetism,  solar  gravitation  and  rotation,  planetary  and  stellar  positions^ 
spectral  lines,  chemical  affinity,  thermal  energy,  and  other  physical  mani- 
festations,^  furnish  marked  indications  of  an  all-pervading  elastic  medium, 
vibrating  with  the  velocity  of  light,  and  subject  to  the  same  laws  of  har- 
monic nodal  action  as  have  been  found  to  influence  the  air  and  other  elastic 
bodies. 

The  observations  upon  the  solar  eclipse  of  1869,  by  Morton,  Winlock 
Young,  Pickering,  Harkness  and  others,  disclosed  an  important  line  in  the 
solar  spectrum,  which  corresponds  very  nearly  to  1474  of  Kirchhoft's  scale, 
and  is  now  styled  1474  K,  or  "the  corona  line.'"  Father  Secchi  attributed 
the  line  to  hydrogen  ;  Dr.  Gould  thought  it  identical  with  the  auroral  line, 
and  therefore  due  to  some  substance  which,  as  stated  by  Lockyer,  J  **  may 
possibly  be  present  in  the  higher  regions  of  our  own  atmosphere.'' 

Lockyer  |  considers  the  observations  as  indicating  '<an  enormous  envelope 
of  hydrogen,  probably  in  the  average  twelve  minutes  high,"  as  well  as 
'^  the  existence  of  some  unknown  element  extending  further  from  the  pho- 
tosphere even  than  hydrogen."  In  the  eclipse  of  1870,  "  at  the  same  time 
that  this  line  was  observed  to  extend  to  a  distance  of  20'  from  the  Sun,  the 
lines  of  hydrogen  were  observed  eight  minutes  above  the  Sun."  Here  are, 
therefore,  probable  evidences  of  two  successive  stages  of  aethereal  condensa- 
tion.    It  has  ''been  shown  by  Salet,  Schuster  and  others,  that "  all  the  hy- 

•  lb.,  xvli,  109-12,  297-801. 

fAnte,  ix.,  288;  Phil.  Mag.  [4],  xxviii,  59. 

t  Ante,  ix.xiv;  xvi,  sqq.;  P.  Mag.  [4],  vols.  30, 32,  34, 35,  50;  [6],  1-6, 10, 11. 

2 Solar  Physics,  p.  269. 

\  lb.  p.  413. 
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drogen  lines  but  F  are  *' due  to  impurities/*  ^  so  that  the  hydrogen  speciram 
is  harmonloally  connected  with  the  corona  line. 

It  may  be  well  to  recapitulate,  in  this  connection,  some  of  the  simple 
equations  which  serve  to  connect  the  energies  of  solar  and  terrestrial  rota- 
tion, planetary  revolution,  atmospheric  limitation,  molecular  oscillation, 
cosmical  aggregation,  and  eethereal  action  : 


1.     M  :  TT  r  :  :  t»;^  :  «y 
3-    «P  — P«h 

Note  84. 
Note  84. 

4.   «>,-pCa), 

Notes  88,  87. 
Note  17. 

See,  also,  Proc.  Am.  Phil.  Soc.,  xli,  802-4 ;  xix,  21-5,  and  Note  16. 

45.  Cowiieal  Sigmjkanee  of  the  G0ri>na  Line. 

Earth  being  the  centre  of  density  in  the  solar  system,  its  nascent  locus 
should  have  a  time  of  revolution  n  times  as  great  as  its  own,  with  a  semi-axis 

m^jor  of  ifi  X  214.45  =  460.002  solar  semi-diameters.  The  corresponding 
wave-length  (Note  87,)  is  5821.85,  as  Is  shown  by  the  following  propor- 
tion : 

log.  6441.4  :  log.  400.002  :  :  7612  :  5821.85. 

This  differs  by  less  than  yj^  of  one  per  cent.  fVom  the  geometric  wave- 
length (Note  41),  and  by  less  than  ,V  of  one  per  cent.  fVom  Glbbs's  measure- 
ment of  the  corona  line. 


The  SyeteffuUie  Arrafigement  of  the  Order  Permodactyla.    By  E,  D,  Cope, 
(Rmdbefort*  the  American  Philosophieal  Society,  April  15,  1881.) 

PEUISSODACTYLA. 

This,  the  second  great  order  of  the  ungulate  Mammalia,  naturally  occu- 
pies a  position  between  the  ^4 m6{ypo(f (I  and  the  Artiodaetyla.  Its  lower 
forms  are  more  specialized  In  tlie  structure  of  the  feet  than  the  An^lypoda^ 
while  its  highest  types  do  not  reach  the  perfection  of  structure  seen  in  the 
Ariiodaetyla,  This  is  particularly  Indicated  by  the  form  of  the  astragalus, 
which  has  but  one,  the  tibial  trochletv,  and  never  displays  the  distal  one 
characteristic  of  the  cloven -footed  families.  The  Periesodaetyla  occupy, 
as  regards  their  dentition,  a  posltitm  parallel  with  the  Artiodactyla.  They 
are  always  superior  in  dental  complictUion  to  the  Proboaddia  and  the  suil- 
line  Artiodaetylat  but  only  one  series,  that  of  the  horses,  reaches  the  com- 

*  lb.  p.  680,  fbot-note. 
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plexity  of  molars  general  in  the  Buminantia.  The  dentition  of  the  mass 
of  the  Perissodactyla  might  be  described  as  intermediate  between  that  of 
the  Proboseidia  and  the  lowest  selenodont  Artiodactyla. 

The  families  of  this  order  form  a  closely  connected  series,  and  the  divi- 
sion of  them  into  three  divisions,  the  "Pachydermata,"  "  Solipeda  "  and 
Perissodactylaj  has  no  warrant  in  nature.  Especially  unnatural  is  the  con- 
junction of  the  genera  included  under  the  first  name,  with  the  Proboseidid 
and  certain  suilline  Artiodactyla^  in  a  single  order,  as  was  proposed  bj 
Ouvier.  The  modifications  of  dentition  from  the  simple  type  seen  in 
MenoduSf  to  the  most  complex,  as  in  Equus,  are  close  and  consecutire. 
So,  also,  the  gradual  diminution  in  the  number  of  digits  from  5-4  to  1-1 
can  be  traced  through  all  the  intervening  stages. 

The  following  definitions  of  families  are  applicable  in  the  present  stage 
of  knowledge.  Those  of  all  but  three  were  published  in  the  Bulletin  of 
the  U.  S.  Geological  Survey  of  the  Territories,  1879,  p.  328.  A  modifi- 
cation in  the  diagnoses  of  the  families  Chalicotheriida  and  PalcBoiherud^ 
is  now  introduced : 

I.  Anterior  exterior  crescent  of  superior  molars  shortened,  not  distin- 
guished from  the  posterior  by  external  ridge  ;  inferior  molars  witb 
cross-crests  ;  premolars  different  from  molars. 

1.  Toes  4-3 LophtodorUida. 

2.  Toes  3-3 Triplopodida. 

II.  Exterior  crescents  of  superior  molars  as  in  I ;  inferior  molars  with 
cross-crests ;  superior  molars  and  premolars  alike,  with  cross-crests. 

8.  Mastoid  bone  forming  part  of  the  external  wall  of  the  skull 

Hyracodontida. 

4.  Mastoid  bone  excluded  from  the  walls  of  the  skull  by  the  contact  of  the 

occipital  and  squamosal Rhinoeerida. 

• 

III.  Exterior  crescentoid  crests  of  superior  molars  subequal,  distinct; 
inferior  molars  with  cross-crests. 

5.  Superior  molars  and  premolars  alike  and  with  cross  crests  ;  toes  4-3. . . 

Tapifida, 

ly.  The  external  crescentoid  crests  of  the  superior  molars  subeqoal 
separated  by  an  external  ridge ;  inferior  molars  with  crescents. 
A,  Superior  premolars  different  from  molars;  with  only  onemtemal 
cusp. 

6.  Toes  4-3 ;  a  vertebrarterial  canal Chalicotkeriidm. 

7.  Toes  3-3 ;  no  vertebrarterial  canal Maeratieheniida. 

A  A.  Premolars  like  molars,  with  two  internal  lobes  above. 

8.  Toes  with  digits,  4r-3 MenodontidM. 

9.  Toes  with  digits,  3-3 PalaotherUdm 

10.  Toes  with  digits,  1-1 BqKid^ 
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The  genera  Included  in  these  fkmilies  are  the  following.    The  table 
shows  their  geological  distribution  : 


SOCEKE.        MIOCENE. 


M 

§  '  s 


Lov«r  Upper  Low«r  ltMdt«  rpp«r     Z^         iS 


LophiodotUidtB, 


H^racotherium  Ow 12 

Pliolophus  Ow 4 

?  Lophiotherium  Gerv • . . 

Pachynolophus  Pom 8 

Helaletes  Marsh 

Lophiodon  Cuv 2 

Ilyrachyus  Leidy 

Colonooeras  Maish 

Triplopida. 
Triplopus  Cope 


H^acodofUida, 
Hyracodon  Leidy 


Bhinocerontida, 


Aceratherium  Kaup. . 

Ooenopus  Cope 

Diceratherium  Marsh 

Zalabis  Co()e 

Aphelops  Co|>e 

Ceratorhinus  Gray.. , , 

Rhinocerus  Linn 

Peraceras  Cope , 

Atelodus  Pom 

Coslodonta  Bronn. . . . . 


Tapirida. 


Listriodon  Qerv.  • . . 

Tapirus  Linn 

Elasmognathus  Gill. 


CftalieotherUda. 


Rhagatherium  Pict 

Leurocephalus  8.  S.  and  O 

Paladosyops  Leidy 

Limnohyus  Leidy 

Lambdotherium  Cope 2 

PropalieoUierium  Gerv 1 

Chalicotherium  Kaup 

Nestoritherium  Kaup 

MeniscoUierium  Cope 1 

Macraueheniidm, 
Macrauchenia  Ow ' 
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Msnodontida. 


AcotoU8  Cope.... 
Diplacodon  Marsh, 
MemKlusPoin.... 
Syinborodon  Coi)e, 
DoKKlon  Cope  . . .  • . 


PalcBotheriidtn, 


Anchilophuft  Uerv. . , 
Paloplotherium  Ow.. 
Palseotherium  Cuv. . . 
Mesohippus  Marsh. . . 
Anchithorium  Kaup., 
Anchippus  Leidy. .  • . 
Hippotherium  Kaup, 
Protohippus  Loldy . . 


EiiuMi9, 


Hippldlum  Owen 
Bquus  Linn 


BOCBMB.  MIodBMB.       |    ^ 

I.owtr  llpp«r  Lower  Mtddlt  Upp«r'    r 


1 


1 


0 


0 
3 


2 


4 

1 


1 

8 
5 


a 


1 
1 


8 
6 


Total  niuubcr  of  well  detormhuHl  spoclos,  one  hundred  and  eighty- nine. 

From  the  pnKH}ding  table  it  can  be  readily  soon  thai  this  order  was 
abundantly  represented  during  the  Koceno  porioil,  and  that  the  recent 
species  are  coin|)arativoly  few.  It  may  also  be  observed  that  certtiln  Ikmi- 
lies  predominated  during  certain  periods.  Thus  the  pi*evalont  Pfri»$odaC' 
tyla  of  the  Eocene  are  LopfiiodonUda  \\rn\  ChalicotherudtB ;  those  of  the 
Miocene  are  RhinoMrontidiM  and  PaUnot/tmidit,  Tlie  TapirMa  and  Squithn 
characterize  the  latest  tertiary  epoclis.  A  genealogical  tree  of  the  order 
may  be  constructed  as  follows  : 

£qulda\ 


Uhlnocerida\ 
Hyracoilontlda>.  Tapirldie. 

N 

Trlplopida\ 


Paheothoriida\ 


Menodontidte. 


Lophiodontidie. 


Ohalicotherildfo. 


Ilyracotheriime. 


The  types  of  the  LopIimiontidiM  and  ChalkothermUf  diifor  only  In  the  two 
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points  of  the  separatioD,  or  noD-Beparation,  of  the  exterior  cresceDta  of  tiie 
superior  molars,  as  already  pointed  out.  That  no  great  modification  of 
known  forms  (as  Lan^dolhirium  in  tlie  Ohalieoifiiriida,  and  Ilyraeothirium 
in  tlie  Lophiodontida)  would  be  necessary  to  obliterate  tliis  difference, 
is  quite  clear.  Tlie  parent  types  of  the  order,  which  present  tlie  most 
generalized  dentition,  Ilyracothirium,  Rhagatherium^  and  Acoh9u$t  were 
cotemporarics  of  the  Lower  Eocene  Q\yoc\u 

LOPHIODONTIDiE. 

This  family  embraces  a  larger  number  of  known  species  than  any  of 
the  others  of  the  order.  With  one  exception,  all  the  species  belong  to  the 
Booene  period.  They  range  fVom  the  size  of  a  rabbit  to  that  of  an  ox. 
They  resembled  most,  among  liriog  animals,  the  tapirs. 

The  genera  arc  characterized  as  follows  :— 

I.  External  lobes  of  superior  molars  well  separated  and  little   flat- 
tened ;  lobes  of  Inferior  molars  scarcely  unltod  (Ilyracothtriinm), 
A.  No  diastema  behind  first  premolar. 

a.  Third  and  fourth  Inferior  premolar  like  tlio  first  true  molar. 

Last  inferior  molar  wltli  five  lobes LopHoiheHum, 

/l^.  A  diastema  behind  the  flrst  premolar  In  both  Jaws. 

a.  Last  Inferior  premolar  different  H'oin  first  true  molar ; 

Last  inferior  molar  with  heel ;  cross-crests  of  superior  molars  interrupted ; 

llyraootherium, 
aa.  Last  Inferior  premolar  like  flrst  true  molar  ; 

True  molars  as  in  Ilyracothfrium PHolophut. 

IL  External  lobes  of  superior  molarN    flat,    not    well   distinguished. 

(LopMo(lontin<M.) 
^^A,  No  diastema  in  lower  jaw. 

Last  Inferior  molar  with  third  lobe IlelaUtes, ' ' 

A  A,  Lower  Jaw  with  diastema. 

i^No  diastema  behind  flrst  premolar, 
a.  No  inferior  premolars  like  the  true  molars. 

Superior  molars  7. 
Last  inferior  molar  with  heel Paohynolophui. 

Superior  molars  6  ; 

Last  Inferior  molar  with  heel Lophiod^%, 

Last  lower  molar  without  heels,  no  horns  Hfrack^fw^. 

Last  lower  molar?;   "an  attoclunent  for  a  dermal  horn  on  each  miss^ 

bone  " C^9^«rr/«. 

The  geographlcivl  range  of  these  genera  Is  as  follows : — 
North  America  only. Bfla^iH,  'OoiM^mria^ 


Oope.] 


382 


[April  15, 


North  America  and  Europe  ;  Paehynolophut,  Hyraehyus,  Hyracoihe- 
riufHt  Pliolophus. 

Europe  only  ;  Lophiodon,  Lo- 
phioihsrium. 

Four  of  the  genera  ascribed 
to  North  America  have  come  un- 
der my  observation. 

TRIPLOPIDJE. 

Cope»  American  Naturalist, 
1881,  April  (March  25th),  p.  340. 

But  one  genus  of  this  family 
is  known  at  present,  but  the 
number  will  probably  be  in- 
creased when  the  structure  of 
the  feet  of  various  imperfectly 
known  species  is  ascertained. 


Fig.  1.  Part  of  right   maxillary^  bone  of 
Wasatch  beds  of  New  Mexico,  fVom  Capt. 


Pacnynolophui  Hngularia  Cope;    from    the 
Wasatch  oeds  of  New  Mexicc 
Wheeler's  report  iv  11  pi.  Ixvl. 


TRIPLOPUS  Cope. 

American  Naturalist,  1880,  p.  383  (April  27th). 

Dental  formula,  I.  ?  ;  C.  |  ;  P~m.  ;  }  ;  M.  |  ;  a  considerable  diastema 
anterior  to  the  first  premolar.  Molars  with  only  two  vertical  external 
ridges,  the  anterior  cingular  and  the  approximated  median  of  the  anterior 
crescent  Transverse  crests  two,  uninterrupted  and  rather  oblique  ;  a 
?  third  and  short  crest,  on  the  posterior  base  of  the  first  true  molar.  Pre- 
molars different  from  molars,  the  third  and  fourth  with  two  transverse 
crests.  Inferior  molars  with  two  transverse  crests,  as  in  Lophiodon,  the 
last  without  heel. 

An  ossified  inferior  wall  of  the  meatus  auditorius  externus.  Posttym- 
panic  and  paroccipital  processes  distinct  form  each  other.  No  postorbital 
arch.  Postparietal  and  mastoid  foramina  preserved ;  the  latter  large. 
Cervical  vertebrae  rather  long ;  axis  with  subcylindric  odontoid  process. 
Scapula  with  small  coronoid  process.  Great  tuberosity  of  humerus  long, 
curved.  No  trochlear  crest  on  condyles  of  humerus  ;  epicondyles  rudi- 
mental.  Ulna  and  radius  distinct  throughout  their  length  ;  ulnar  articula- 
tion with  carpus,  small.  Trapezoid  bone  of  carpus  with  a  facet  for  the 
trapezium.  Unciform  with  two  inferior  facets.  Metacarpals  three  principal 
ones,  and  one,  the  fifth,  rudimental  ;  the  distal  extremities  of  the  second 
and  fifth  opposite  ;  the  third  a  little  longer. 

The  dentition  of  this  genus  is  nearly  that  of  Hyrachyui.  The  only  ex- 
ception is  the  possible  third  transverse  crest  of  the  first  true  molars*.  The 
other  portions  of  the  skeleton  known,  are  also  much  like  those  of 
HyrachyuSt  with  the  exception  of  the  number  of  digits  of  the  anterior  foot. 
The  entirely  rudimental  character  of  the  fifth  metacarpal,  which  with  its 


*Thl8  point  Is  further  considered  In  the  description  of  the  species. 
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digit,  is  80  well  developed  in  Ifyrachifus,  places  Trtpl^pu9  In  another 
ftimity,  and  in  another  Hue  of  descent.  I  thinlc  that  it  must  be  regarded 
as  one  of  the  forms  of  the  series  connecting  the  tapirs  with  the  rhinoceroses. 
The  fourth  digit  (the  flflh)  was  retained  by  the  earliest  type  of  rhinoceros 
in  Europe,  the  genus  Aceratheriuffh,  but  in  America  it  appears  to  have 
been  lost  earlier.  None  of  the  American  rhiDoceix>ses  of  the  Lower 
Miocene  of  the  genus  CcBHoput  Cope  present  it,  and  in  tlie  present  genus 
we  have  an  ancestral  type  of  tlie  Eocene  period,  in  which  the  last  digit  is 
already  lost.  The  premolars  of  different  structura  from  the  true  molars, 
exclude  this  genus  fh»m  the  Rhinoctrontidc^  and  witli  the  character  of  the 
feet  place  it  between  that  fkmily  and  the  Lophiotfontufm, 

As  yet,  but  one  species  of  Triphpus  is  certainly  known,  but  a  second  is 
placed  in  it  provisionally. 

Triplopus  CUBITALI8  Cope. 

American  Naturalist,  1880,  p.  888. 

This  species  is  represented  by  a  nearly  entire  skull  with  lower  Jaw  ; 
most  of  the  cervical  vertobree  ;  a  left  anterior  limb  nearly  complete ;  a 
part  of  the  left  scapula,  and  a  part  of  the  right  anterior  limb  ;  all  belong- 
ing to  one  animal.  The  specimen  was  not  quite  adult,  as  the  last  superior 
molar  is  Just  protruding  its  crown  through  the  maxillary  wall,  and  the 
last  two  superior  milk  premolars  still  remain  in  place,  much  worn  and 
closely  pressed  by  the  overlying  aucccssional  teeth. 

The  cranium  is  peculiar  in  its  wide  orbital  region,  and  short  compressed 
muEzle  ;  the  latter  is  damaged  in  the  specimen  so  that  the  form  of  the 
nasal  bones  cannot  be  determined,  except  at  their  proximal  portions.  The 
interorbital  space  is  plane  in  both  directions,  and  rises  very  gently 
posteriorly.  The  sagittal  crest  is  narrow  and  low,  until  above  the  meatus 
auditorius,  where  it  rises.  Above  the  ix)st tympanic  process  it  bifVircatea, 
and  each  rounded  lateral  lobe  extends  posteriorly  to  a  point  above  the 
occipital  condyles.  Viewed  fW)m  above  the  head  is  wide  between  the 
zygomatic  fossa),  and  at  the  posterior  premaxillary  toi'th.  The  top  of  the 
muzzle  narrows  rapidly  above  the  latter,  but  does  not  contract  below  until 
the  first  premolar  is  reached,  Tlie  zygomatic  arch  is  not  convex  along  its 
middle,  and  encloses  a  narrow  fossa.  The  sui)erciliary  border  is  prominent, 
and  nearly  straight,  and  is  bounded  by  a  notcli  behind.  The  squamoso* 
occipital  ridge  is  well  marked.  The  posttymimnic  process  is  shorter  than 
the  paroccipital,  and  is  separated  fVom  it  by  an  open  shallow  groove, 
which  is  probably  bottomed  by  the  mastoid  bone.  The  paroccipital  pro- 
cess is  much  narrowed  below  and  is  turned  a  little  outwards.  There  are 
two  closely  ac^acent  tubercles  on  the  anterior  border  of  the  orbit,  probably 
on  the  lachrymal  l>one. 

ForamifUB,  Only  a  few  of  these  are  well  preserved  ;  among  the  lost  is 
the  /.  infr<MrbitaU.  There  are  two  postparietal  fbramina  on  one  side,  and 
one  on  the  other,  above  the  point  of  origin  of  the  zygomatic  process  of  the 
squamosal  bone ;  and  one  in  the  usual  posterior  position.  The  post- 
squamosal  has  the  same  anterior  position  as  the  anterior  |X>stparietals, 
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being  immediately  below  them ;  I  cannot  diaoover  whether  there  ia  a 
poaterior  one  or  not  owing  to  injuriea  to  the  specimen.  There  ia  apparently 
a  flaaure-like  one  on  the  parieto-aqnamoeal  suture  posteriorly.  The  mastoid 
is  quite  large,  expanding  downwards  and  outwards  ;  it  is  not  so  large  as 
in  a  tapir,  but  much  exceeds  that  in  Hyraehyus  eximius.  The  msatus  au- 
ditoriui  externut  is  large,  and  occupies  only  the  posterior  part  of  the  space 
between  the  postglenoid  and  posttympanic  processes.  It  is  enclosed  an- 
teriorly and  below  by  the  border  of  a  wide  element  which  may  be  tympanic. 
It  encloses  the  petrous  bone  below  in  a  bulla  ;  as  however  the  inner  por- 
tion of  the  best  preserved  one  is  broken  away,  I  cannot  speak  of  its  rela- 
tions to  the  basiocoipital  bone.  The  foramen  laeerum  poeterius  is  reduced 
to  a  Jugular  and  perhaps  another  connected  foramen  by  the  close  Apposition 
of  the  petrous  bone  to  the  basiocoipital  for  a  considerable  distance.  The 
region  of  the  /.  {.  mediiu  is  injured.  Posterior  to  the  /.  I.  posterius  is  a 
foramen  opposite  the  base  of  the  paroccipital  process,  anterior  to  the  usual 
position  of  the  /.  condylotdsum» 

MandibU,  The  angle  of  the  lower  Jaw  is  produced  posteriorly,  as  in  some 
species  of  Hyraehyut:  cfr.  tigs.  Vol.  IV,  U.  8.  Geol.  Surv.  Terrs.  The  coro- 
noid  process  is  long  and  is  curved  backwards  to  above  the  posterior  border  of 
the  condyle.  There  is  no  tuberosity  behind  the  condyle.  The  symphysis 
is  quite  contracted  and  is  short.  The  mental  foramen  is  below  the  middle 
of  the  inferior  diastema.  The  ramus  is  compressed  and  at  the  same  time 
strong. 

Dentition,  As  the  deciduous  third  and  fourth  premolar  teeth,  in  a  worn 
condition,  remained  in  the  maxillary  bone,  I  removed  them  from  one  side, 
thus  displaying  the  crowns  of  the  corresponding  permanent  teeth.  The 
first  premolar  may  belong  to  the  permanent  dentition ;  the  second  is  the 
deciduous.  The  former  has  two  roots.  The  crown  is  cutting  for  a  short 
distance  anteriorly,  but  posteriorly  it  expands  into  a  heel,  much  less  de- 
veloped than  the  internal  lobe  of  the  succeeding  teeth.  The  crowns  of  the 
third  and  fourth  premolars  differ  externally,  as  well  as  in  their  crests,  from 
those  of  the  true  molars.  The  median-anterior  and  cingular  vertical  ridges 
are  not  so  prominent  as  in  the  latter.  The  external  crest  is  not  divided 
into  two  by  the  notch  in  its  grinding  face.  The  anterior  cross-crest,  at  its 
inner  or  distal  extremity,  is  turned  shortly  backwards  and  then  inwards, 
giving  a  "pot-hook''  outline  to  its  triturating  surface.  The  fourth  de- 
ciduous premolar  presents  a  peculiar  character  already  ascribed  to  the  first 
true  molar.  This  consists  of  a  crest  running  parallel  with  the  posterior 
transverse  crest  and  close  to  it,  along  its  posterior  side.  It  forms  the 
border  of  the  tooth  for  a  short  distance,  but  as  its  direction  is  slightly 
obliquely  forwards  as  well  as  outwards,  the  posterior  cingulum  appears  for 
a  very  short  distance. 

The  first  true  molar  is  subquadrate  in  outline.  The  anterior  transverse 
crest  commences  at  the  middle  anterior  ridge,  and  is  first  transverse,  then 
directed  a  little  obliquely  backwards.  The  second  crest  commences  at  the 
apex  of  the  posterior  external  crescent,  leaving  a  wide  posterior  marginal 
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fossa.  Its  internal  extremity  is  broken  off.  Posterior  to,  and  in  contact 
with  it,  the  posterior  cingulum  rises  in  a  crest,  which  occupies  the  internal 
half  only  of  the  border.  Its  inner  border  is  imperfect.  It  appears  to  me 
to  be  probable  that  the  normal  posterior  crest  is  turned  posteriorly  on  itself 
so  as  to  give  the  *'  pot  hook ''  shape  seen  in  the  anterior  crest  of  the  fourth 
permanent  premolar.  The  corresponding  accessory  crest  in  the  fourU) 
temporary  premolar  appears  to  have  been  distinct  at  its  internal  extremity. 
The  second  true  molar  has  a  more  oblique  posterior  external  crest,  and  the 
posterior  internal  is  oblique  and  simple.  It  has  narrow  anterior  and  pos- 
terior basal  cingula.  There  is  no  tubercle  between  the  inner  bases  of  the 
transverse  crests  of  this  or  the  last  true  molar.  The  latter  is  characterised 
by  the  rudimental  character  of  the  posterior  external  crescent  crests  which 
is  shortened  like  that  of  RyrachyuB,  The  transverse  crests  are  curved 
l)ack wards ;  the  posterior  is  short  and  simple. 

The  canines  arc  small,  and  are  directed  forwards.  The  extremity  of  the 
muzzle  being  broken,  the  relation  of  tlie  incisors  cannot  be  stated,  but 
there  was  not  probably  any  precanine  diastema.  An  incisor  preserved  has 
tlie  crown  transversely  expanded,  and  rather  oblique. 

The  third  and  fourth  inferior  premolars  are  the  deciduous  ones,  and  are 
both  three»lol)ed,  but  differ  in  tlie  forms  of  the  anterior  lobe.  In  the  third, 
it  is  narrow  and  incurved,  as  in  the  corresponding  permanent  teeth  of  some 
Ariiodaetyla,  The  transverse  crests  of  the  true  molars  are  rather  oblique, 
running  forwards  as  well  as  outwards. 

Their  external  extremities  are  bent  at  right  angles,  and  there  results  a 
short  descending  crest  running  forwards  and  inwards ;  the  anterior  one 
turns  inwards,  again  forming  a  transverse  anterior  ledge.  No  cingula  on 
internal  or  external  bases  of  crown  ;  a  rudimental  posterior  one. 

AfM$ur6m€nts  of  Cranium,  M. 

Length  trom  fh>nt  of  canine  tooth  to  end  of  occipital 

condyles 128 

Length  fh>m  same  to  postglenoid  process 096 

**    to  end  of  last  molar 069 

"         **        **    to  first  premolar 015 

•*         **        "    to  line  of  firont  of  orbit 044 

Width  between  superciliary  borders .046 

of  zygomata  at  orbits 064 

of  brain-case  at  glenoid  surflice 048 

of  occipital  condyles 038 

of  basiocclpital  bone  between  oua  petroia 006 

Distance  between  postglenoid  and  posttympanic  pro- 
cesses  014 

Depth  of  occiput  behind 083 

of  mandible  fh>m  condyle • 040 

of  mandibular  ramus  at  third  premolar 014 

**    at  diastema  (axial) 009 

Least  width  of  symphysis. Oil 
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MeasurefneiUi  of  Cranivm.  M. 


{  anteropos- 


Diameter  crown  third  permanent  premolar  v      terior. . .  .007 

( tramsrerBe.  .005 

Anteroposterior  diameter  crown  first  premolar 0045 

^.  ^  ,      (anteroposterior 010 

Diameters  crown  first  true  molar  <  ^ _  ^^- 

(^  transyeise U12 

^anteropoB- 
Diameters  crown  second  inferior  tme  molar  •<      tenor       . Oil 

(^  transyerse.  .0075 
Diameter  of  root  of  inferior  canine  near  crown 0035 

VertehrcB,  The  atlas  is  about  as  long  relatiyely  as  that  of  the  horse.  Its 
transTerse  processes  have  more  anteroposterior  than  transverse  extent. 
The  summit  of  the  neural  arch  has  a  median  ridge  separating  two  grooTes . 
The  inferior  surface  of  the  centrum  has  a  nearly  median,  obtuse  hjpa- 
pophysis.  The  axial  facets  are  well  separated  below.  The  vertebrarteria! 
canal  pierces  the  base  of  the  transverse  process  behind  and  below,  and 
notches  it  deeply  anteriorly.  Above  this  notch  the  usual  perforation  of  the 
arch  is  present.  The  axis  is  not  relatively  quite  so  long  as  that  of  the  hoise : 
it  is  a  little  longer  than  in  Hyrachyus  eximiuSj  but  rather  shorter  than  in 
Hyraoodon  arcidens  (PI.  CII,  Fig.  7).  The  atlantal  facets  are  spread  well 
apart,  and  the  articulating  surface  of  the  odontoid  does  not  connect  with 
them.  The  latter  is  rather  long,  is  obtuse,  and  slightly  recurved  ;  it  has 
no  raised  borders.  Between  the  atlantal  faces  the  inferior  surface  is  plane. 
Posterior  to  this  the  middle  line  bears  a  prominent  keel.  The  diapophyses 
are  long,  narrow  and  recurved,  and  each  is  pierced  at  the  base  by  the  ver- 
tebrarterial  canal.  The  posterior  articular  face  is  but  little  concave,  and  a 
little  oblique,  and  is  a  little  wider  than  long. 

The  succeeding  cervicals  regularly  diminish  in  length,  and  become  more 
strongly  opisthoccplous,  the  seventh  having  quite  a  ball  in  front.  The 
sixth  has  a  slender  diapophysis  directed  posteriorly,  and  quite  distinct  from 
the  wide  and  long  parapophysis  which  is  directed  downwards  and  omt- 
wards.  The  posterior  angle  of  the  latter  extends  as  far  back  as  the  cen- 
trum. The  seventh  has  only  a  fiat  transverse  diapophysis.  The  first 
dorsal  has  a  very  stout  diapophysis  excavated  below  for  the  rib  tubercle. 
The  diapophyses  of  the  third  and  fourth  dorsals  are  not  so  stout.  .The  ca- 
pitular fossffi  are  large.  The  centra  of  the  anterior  dorsals  are  flattened 
below  ;  they  are  concealed  in  part  by  the  matrix  in  this  specimen.  The 
neural  spine  of  the  sixth  cervical  is  narrow,  and  is  directed  forwards. 
That  of  the  seventh  is  vertical,  and  narrows  rapidly  from  a  base  which  is 
rather  wide  anteroposteriorly.  The  spines  of  the  dorsals  are  wider*  and 
are  directed  gently  posteriorly  ;  they  are  probably  long,  judging  firom  the 

size  of  their  bases. 

Mectsurenients  of  VerUbrm,  H. 

Length  centrum  of  atlas  on  side 037 

below 010 

Width  "         "  "   posteriorly 080 
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M€a9ur€m4nU  of  Vert^tiW.  M. 

Width  transverse  process  of  atlas 010 

Vertical  diameter  neural  and  odontoid  canal 015 

Length  axis  to  odontoid  process 088 

**      odontoid  process 007 

(      .»    1       (  with  hypapophysis  .019 
Diam.  centrum  behind  <  ^""^w^"      \  ^i^ijout        "  .009 

I  transverse 0115 

Length  of  centrum  of  Afth  cervical. 080 

••  seventh 017 

'*  *^  second  dorsal « 014 

Anteroposterior  diameter  of  base  of  neural  spine  of 

second  dorsal .010 

Expanse  of  head  and  tubercle  of  first  rib «018 

Fhr$  /^im6.— The  greater  part  of  the  blade  of  the  scapula  is  lost  The 
nock  is  stout,  and  the  coracoid  is  a  short  aliform  process.  The  humerus  is 
moderately  robust,  most  so  proximally.  The  greater  tuberosity  is  a  strong- 
ly incurved  crest>  with  truncate  summit,  which  is  a  little  elevated  above 
the  plane  of  the  head»  from  which  it  rises  rather  abruptly.  The  bicipital 
ridges  are  not  strong  nor  prominent.  The  olocnuiar  fossa  is  deeper  tlian 
the  coronoid  fossa,  and  they  communicate  by  perforation.  The  inner  part 
of  the  condyle  is  the  largest,  and  forms  an  acute  angle  with  the  interior 
ev>icondylar  surface.  The  exterior  part  of  the  condyle  is  divided  by  an 
oblique  angle  of  tlie  surface  separating  an  external  bevelled  band  of  the 
same,  w*hich  narrows  to  extinction  on  tlie  posterior  side.  As  compared 
with  the  humerus  of  Ifyraehj^m  $xmiH9^  that  of  Trtplopu^  <n^ital%9  is  very 
similar,  differing  mainly  in  two  points  at  tlio  distal  extremity.  The 
olccranar  fossa  is  smaller  and  is  less  excavated,  and  its  lateral  bounding 
ridges  are  of  unequal  elevation  ;  in  7\  eubitalU  they  are  equal. 

The  ulna  and  radius  are  more  than  onofourtli  longer  than  those  of  J7. 
Mtmim.  Although  they  are  entirely  distinct  throughout,  the  ulna  is  quite 
slender  anterior  to  the  proximal  tliird.  Tlie  shaft  is  much  more  slender 
than  that  of  //yracAytM  eamiM.  The  olecranon  is  compressed,  deep,  and 
truncate  behind.  The  distal  epiphysis  is  remarkable  for  its  length,  being 
twice  as  long  as  that  of  the  radius.  The  head  of  the  radius  is  subequally 
divided  by  fossce,  the  external  being  the  shallower.  The  inferior  or  ulnar 
facet  is  regularly  and  gently  convex  downwards,  and  is  bounded  behind 
by  a  roughened  ridge,  which,  near  the  external  border  turns  backwards  to 
the  humeral  border.  The  shaft  of  the  radius  is  robust  and  flattened.  The 
i^arpal  facet  of  the  radius  is  contracted,  and  has  three  times  the  superficial 
area  of  that  of  the  ulna.  The  scapholunar  dividing  ridge  is  present,  but  is 
very  low.  Tlie  scaphoid  fkce  is  the  more  excavated,  and  tlien  rolls  back> 
wards,  fbrming  a  very  narrow  posterior  fkcet,  whidi  is  narrower  than  that 
found  in  tlie  species  of  Anckiiherium*  There  is  no  distinct  fossa  on  its 
inner  or  posterior  border,  as  In  many  ungulates.  The  trapesium  and 
scaphoid  are  the  only  bones  of  the  carpus  whidi  are  wanting.    The  latter 
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it  probably  wUler  than  long  or  iUh»(k  whllo  bolU  Uio  lunar  and  ounelfbm^ 
MTo  lonKf^r  Ihim  wide*  Tho  ounolA)rm  hM  noi  lu  external  border  ex* 
otTaiOil ;  Its  proximal  turfkcM  U  obllquo  and  continuous,  tbo  ulnar  and 
plaltorm  (koeta  Mng  In  line.  The  pl«ift)rm  la  large,  and  It  enlarged  dlt^ 
(ally;  Itt  proximal  facets  are  e<iual«  The  ex|KWie<l  (Hch)  of  the  trai^exoldea  la 
rather  larger  than  that  of  the  matrnum,  and  It  nearly  at  large  at  Itt  own 
(koe  of  oontaot  with  the  latter.  The  magnum  luit  the  utual  great  antero^ 
pottc^rior  extentlon,  with  elevateil  ixitterlur  cnrnvexlty  applied  to  the  (Usta 
of  the  lunar.  Itt  txwterlor  pn)oeat  It  long,  nearly  et^ual  to  the  rett  of  the 
bone,  and  It  depretted  and  flatteneil  dlttally.  The  metacar|)al  (koet  It  vt»ry 
oonoaTe.  The  unel(l>rm't  anterior  or  ex)M)t(Hl  fUce  It  a  little  longer  than 
wide.  Itt  two  pn^xlmal  (kotttt  are  altout  (H|ua).  It  It  about  at  deep  aA 
wide,  and  extendt  half  Itt  length  dittad  to  the  magnum.  Itt  posterior  prtv 
ctm  It  rather  narrow  :  It  It  narrow  and  abruptly  decurvtni  Dlttallyi  the 
Aioet  (br  the  fldh  metacarpal  It  well  markeii,  and  hat  alH)ut  half  the  artm 
of  that  (br  the  (burth  metacarpal.  The  Ainotlonal  meU\carpalt  are  of 
moderate  length  at  comparetl  with  the  elongation  of  the  ulnoradlut.  The 
third  It  largely  In  ctmtaot  prt)ximally  with  the  unolfurm  at  well  at  with 
the  magnum.  The  ctuulylet  are  ttout,  and  each  It  laterally  Impretteti  by 
a  fbata.  The  te(H)nd  and  (burth  have  chiefly  laten\l  pretentathvn,  but  are 
not  much  narrower  In  the  thad  than  the  nuHilan  metacanml.  The  tlrat 
phalange  of  the  lateral  digit  it  a  little  thorter  than  that  of  the  mtnilan, 
while  the  teoondt  are  of  equal  length.  The  extremity  of  the  tecond  digit 
reachet  the  prt)xlmal  thirti  of  the  length  of  the  median  ungual  phalange* 
The  fltture  t>f  the  ungual  phalange  reaohet  the  middle  of  Itt  length.  The 
ddh  metatartal  It  proximally  rather  ttout;  but  It  amm  contracts  to  a  thin 
rounded  extrt^mlty,  at  only  one  tlllli  the  length  of  Uw  tUurth. 

«V#(i«fir#mfnl«  0/  M»rt  Limb.  M. 

Anter(V|X)tterlor  diameter  of  cotyloid  cavity  of  scapula. .  .010 

Diameter  of  head  of  humerut  {  ^"*»»^*^^»'  - ^^ 

I  anten)|H)ttcrlor ....,.,..  .01 9 

•♦       with  grt>atertuben)sity. .*.«.««..« 080 

Length  of  humerut  on  outer  tide • «  .110 

/transvei^e ...«•  .Odt 

Diameter  humerut  at  eploondylet  I  antero)H)sterlor  ex- 

I    ternally OIR 

Length  of  ulna  ..,.«,.•*.«,.*...««.* .  109 

*•         radlut • 141 

Depth  of  olecranon  dittally «. .015 

Width  of  ulna  at  coixmold « « «  .01 5 

**  **        carpaltkcet  (greatest) 007 

'  *        radlut  at  head « Old 

carpal  Oicett.. «. ••••  .014 

widest  point  dittally Old 

Length  of  carput  at  magnum.  ,.«•,. «•«..... 010 

*»  *♦  unolfbrm , Oia 
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MeamrtmtnU  of  Fhr€  Limb,  M. 

Length  of  lunar 010 

Depth  "   Oil 

Length  of  magnum 000 

Depth  ••         017 

Length  unclfbrm 009 

Width        **        009 

Depth        ••       (total) 014 

••  ••       of  inferior  facets 007 

Length  of  third  metacarpal 008 

Proximal  diameter  third  metacarpal  f  witeropoeterlor. ..  .008 

I  transverse 008 

Length  of  fifth  metacarpal 012 

median  series  of  phalanges 027 

first  median  phalange 010 

Width  of  do.  proxlmally 008 

Length  of  second  phalange 006 

/  proxlmally 0070 

Widths  of  median  ungual  phalange  <  medially 005ff 

(greatest 007 

Tl\e  body  of  ibis  animal  was  about  the  size  of  that  of  a  red  fox.  The 
legs  were  more  slender  or  elevated,  and  the  bend  of  course  was  shorter  and 
thick. 

The  unique  specimen  on  which  our  knowledge  of  this  species  rests  was 
cut  from  a  block  of  calcareous  sandstone  of  the  bed  of  the  Washakie  basin 
of  the  Bridger  Epoch,  near  South  Bitter  creek,  Wyoming  Territory.  The 
bones  are  generally  In  the  relation  of  the  position  in  which  the  animal  died. 
The  neck  Is  depressed  and  the  left  fore  log  raised  so  as  to  be  In  contact 
with  It,  and  the  head  Is  raised  so  as  to  clear  the  left  wrist. 


«« 
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The  characters  of  the  fore-foot  of  this  species  being  unknown,  it  Is  not 
possible  to  determine  Its  generic  position.  It  has,  however,  one  of  the 
well-marked  characteristics  of  the  genus  Triptopuit  In  the  osseous  enclo- 
sure of  the  fMatuB  auditoriu9  ««<#rntM,  through  the  ossification  of  the  ex- 
ternal prolongation  of  the  otlo  bulla,  and  tympanic  cartilage.  I  cannot 
therefore  refer  It  to  ffifrachyua. 

It  Is  represented  by  a  skull  fh>m  which  a  large  part  of  both  maxillary 
bones  and  the  mandible  have  been  lost,  and  whloh  Is  accompanied  by  parts 
of  the  ulna  and  radius,  parts  of  the  Ilium,  a  femur,  and  tibia,  and  nearly 
all  of  the  potiterior  foot  of  the  right  side.  The  posterior  parts  of  both  max- 
illary bones  remain,  and  they  support  each,  the  last  superior  molar  tooth 
firom  which  the  external  wall  has  been  broken  away.  The  portions  of 
molars  remaining  exhibit  characters  which  lead  me  to  suspect  that  the 
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Species  does  not  belong  to  Hyr<ichyu9,  The  anterior  cross-crest  of  tbe 
molar  preserved,  is  lobate,  resembling  the  same  ridge  in  the  species  of  ^n- 
chitherium.  The  posterior  cross-crest  is  uninterrupted.  If  this  species 
possesses  affinity  with  Anchitherium,  it  will  perhaps  possess  three  digits  of 
the  manus,  in  which  case  it  will  be  referred  to  the  TriplopidcB,  in  harmony 
with  the  indication  furnished  by  the  ear  structure. 

The  Triplopus  amarorum  is  much  larger  than  the  T.  cubitaliSf  equalling^ 
the  Hyraeodon  nebrascsnsis.  It  differs  from  the  T.  eubitalia  in  the  stronger 
temporal  ridges,  and  more  elevated  sagittal  crest ;  also,  in  the  shorter  post- 
tympanic  process.    The  internal  lobes  of  the  last  superior  molar  are  con- 
nected by  a  basal  ledge,  not  found  in  the  T.  eubitalis. 

The  interorbital  space  is  wide  and  flat,  and  is  most  expanded  at  the  i>ost. 
orbital  angles . 

From  this  point  the  face  contracts  rapidly  forwards.    From  the  same 
angle  it  contracts  abruptly  posteriorly  to  the  rather  narrow  brain-case. 
The  anterior  temporal  ridges  are  nearly  transverse  near  the  postorbital 
processes,  and  then  converge  more  gradually,  uniting  opposite  the  posterior 
inferior  border  of  the  zygomatic  fossa.  The  elevated  sagittal  crest  diverges 
into  two  lateral  supraoccipital  crests,  which  contract  as  they  descend,  and 
continue  to  the  extremities  of  the  posttympanic  processes.     Although  the 
postorbital  angles  are  prominent,  they  cannot  be  called  processes.     The 
paroccipital  processes  are  large,  ^  and  are  directed  vertically  downwards. 
They  are  separated  by  the  usual  concavit}'  from  the  occipital  condyles. 
The    posttympanics  are  very  short,   forming  only  an  angle  projecting 
downwards  at  the  anterior  base    of  the  paroccipitals,  from  which  they 
are  only  separated  by  a  notch.     The  inferior  side  of  the  tympanic  bone 
is  flat  near  the  meatus,  but  opposite  the  stylomastoid  fossa  its  posterior 
border  is  turned  forwards,  and  is  produced  into  a  well  marked  process.    It 
encloses  a  groove  in  front  of  it,  which  is  continuous  with  the  pterygoid 
fossa.    The  petrous  bone  is  not  inflated,  and  its  inferior  surface  is  divided 
into  two  longitudinal  ridges.    The  inner  is  the  less  prominent,  and  is  in 
close  contact  with  the  basioccipital.     The  postglenoid  processes  are  robust 
and  obtuse.    The  basioccipital  is  excavated  in  front  of  each  of  the  con- 
dyles.    The  inferior  surface  is  nearly  flat,  with  a  slight  median  keel.    The 
pterygoid  fossa  is  well  defined,  and  is  long  and  narrow.  The  posterior  nareal 
trough  is  elongate,  the  descending  pteiygoid  processes  of  the  sphenoid 
originating  as  far  back  as  the  apex  of  the  os  pstrosum.    This  species  is  es- 
pecially characterized  by  the  presence  of  an  acute  keel-like  ridge,  which 
extends  horizontally  above  the  foramina  sphenoorbitale  and  opticum,  and 
turns  upwards  anterior  to  the  latter,  terminating  a  half  inch  below  the  io- 
ferior  base  of  the  postorbital  process.    All  the  foramina  are  below  it,  but 
there  is  a  fossa  above  it,  opposite  the  interspace  between  the/,  opticum  and 
/.  sphenoorbitale. 

A  supraorbital  foramen  pierces  the  frontal  bone,  a  quarter  of  an  iacb 
within  the  superciliary  border.  There  are  five  or  six  postparietal  foramina, 
two  of  which  are  nearly  on  the  squamosal  suture.    There  is  a  postaqoa- 
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mosal  foramen,  and  also  a  not  very  small  supraglenoid  foramen.  There  is  a 
small  fbramen  anterior  to  the  optic,  and  in  line  with  the  posterior  part  of  the 
postfh>ntal  angle.  The  foramen  &ptieum  is  large,  and  is  10mm.  in  ttoni  of 
the/.  9ph«no6rb%tale.  The  latter  is  separated  by  a  lamina  ftom  the  large  and 
yertically  oval/  rctundum.  The  latter  is  Joined  by  the  large  alisphenoid 
canal,  whose  posterior  orifice  is  as  large  as  the  foramen  ovale.  The  latter  is 
large,  and  is  well  separated  from  the  /.  Iac4rum  afU$riu9,  The  /.  /. 
(oMra  are  well  closed  n\\  the  p0$Uriu»  being  reduced  to  what  is  probably 
the  Jugular  foramen.  The  /.  eondjfloid^tum  is  large,  and  is  an  anteroposter* 
iorly  placed  oval.  Its  anterior  extremity  is  opposite  to  and  well  separated 
ttom  the/,  juffulare. 

The  nasal  bones  are  spread  out  v'>osteriorly,  and  their  posterior  extremi- 
ties  are  truncate.  The  coronal  suture  ^msses  downwards  at  the  narrowest 
part  of  the  cranium  behind  the  po8tfh)htal  angles.  The  squamosal  bone 
does  not  reach  the  fVontal,  The  imrietal  does  not  extend  so  fkr  i^osterior- 
ly  as  the  lateral  occipital  crests,  except  near  the  squamosal. 

The  characters  of  the  last  superior  molars  have  already  been  mentioned. 
The  posterior  transverse  ci*est  is  uninterrupted,  but  the  anterior  consists  of 
closely  united  internal  and  median  lobes.  The  division  is  marked  on  the 
posterior  side,  and  on  the  edge  of  the  crest ;  the  anterior  fkce  is  plane. 
The  longitudinal  external  crest  sends  a  strong  protuberance  into  the  head 
of  the  valley,  which  is  grooved  on  its  surfece.  There  is  a  strong  anterior 
basal  cingulum  whicl)  rises  to  an  anterior  cusp.  On  numerous  surfaces  the 
enamel  is  slightly  rugose.  The  inferior  canine  teeth  are  in  continuous  se- 
ries with  the  indsors,  and  are  slightly  larger  than  they. 

2£Mmr6tn4nt9  of  Skull  M. 

Length  from  line  connecting  anterior  borders  of  orbits 

to  occipital  crest , .  • . .  0.18d 

Length    ttom   line   connecting   posterior    borders   of 

orbits  to  occipital  crest .100 

Width  between  postorbital  angles,  .•«.... 100 

•*  **      anterior  borders  of  orbits 076 

Elevation  of  occiput 065 

Width  between  mastoid  ridges , 065 

**  **      oa«a  petro^a  at  middle 018 

Diameters  third  superior  true  molar  |  ^tero4X)8terior...     .0300 

t  transverse. .0305 

f  anteroposte- 
Diam.  second  superior  true  molar  (base)  <     rior 0300 

(transverse...    .0150 

The  portion  of  ilium  remaining  exhibits  a  rather  narrow  neck  and  a 
concave  external  fkce.  A  fragment  of  the  fiBmur  shows  a  prominent  third 
trochanter,  with  an  obtusely  rounded  apex.  The  distal  part  of  the  fibula 
is  not  codssified  with  the  tibia.  Its  shaft  is  exceedingly  slender.  The 
angles  bounding  the  trochlear  grooves  and  ridges  of  the  tibia  are  of  sub^equal 
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lengths.    The  median  ridge  is  rather  wide ;  the  inner  malleolus  is  narrow, 
has  no  distal  facets  and  no  distinct  tendinous  grooves  externally. 

The  posterior  foot  is  both  relatively  and  absolutely  smaller  than  that  of 
Hyraehyns  $ximiu».  The  trochlea  of  the  astragalus  is  narrower  and  more 
deeply  grooved.  The  crests  are  obtuse,  and  not  so  narrowed  as  in  Meso- 
hippui  bairdi,  nor  are  the  malleolar  facets  of  the  astragalus  so  sharply  de- 
fined as  in  the  latter  species.  The  external  ligamentous  fossa  is,  however, 
deep,  and  is  bounded  anteriorly  by  a  low  trihedral  tuberosity  not  found  in 
the  M,  bairdi.  The  head  of  the  astragalus  is  not  sessile  as  in  JhT.  bairdi, 
and  has  rather  the  proportions  of  H,  eximitu.  The  cuboid  feuset  is  a  bevel 
of  the  external  side  of  the  distal  extremity,  as  in  H.  eximius,  and  is  not  on 
a  produced  ledge,  as  in  M.  bairdi.  The  internal  tuberosity  of  the  head  is 
not  as  much  developed  as  in  either  of  the  species  named.  The  navicular 
(ace  of  the  astragalus  is  horizontally  divided  by  a  shallow  ligamentous 
fossa.  The  calcaneum  is  much  like  that  of  Hyrachyus  eximius.  The  cuboid 
face  is  less  oblique  than  in  that  species,  in  the  anteroposterior  direction, 
and  is  less  crescentic  in  outline  than  in  JhT.  bairdi.  The  sustentaculum  is 
rather  more  extended  transversely  than  in  IT.  eximiuSf  but  resembles  that 
species  more  than  the  M.  bairdi,  in  wanting  the  deep  groove  at  its  base  on 
the  inferior  side,  which  cuts  it  off  from  the  rest  of  the  calcaneum.  The 
remainder  of  the  inferior  surface  is  flat,  and  not  grooved  for  a  tendon  as 
in  H,  eximius. 

The  remainder  of  the  tarsus  includes  the  usual  tve  bones,  the  three 
cuneiforms  being  present.  They  are  in  general  a  good  deal  like  the  corre- 
sponding bone  of  HyraehyiLS  eximius.  The  navicular  differs  in  having  a 
low  transverse  ridge  on  its  proximal  face,  which  fits  the  -groove  of  the 
astragalus  already  mentioned.  The  hook  of  the  cuboid  is  large.  The  ex- 
ternal (anterior)  face  of  the  mesocuneiform  has  one-third  the  superficial 
area  of  the  anterior  face  of  the  ectocuneiform.  The  entocuneiform  is  rather 
large,  and  is  flat  and  subsemicircular.  Its  position  is  externo-posterior. 
The  ectocuneiform  presents  facets  to  both  the  second  and  fourth  metatar- 
sals, that  with  the  latter  the  largest.  The  distal  halves  of  the  metatarsals 
are  lost.  At  their  proximal  portions  they  are  of  subequal  width,  as  in 
Hyrachyus  eximius,  but  the  lateral  ones  are  rather  narrower  at  the  middles 
of  the  shafts. 

Measurements.  M. 

Width  of  distal  extremity  of  tibia 029 

*'         astragalar  face  "     019 

Length  of  inner  malleolus 007 

**  astragalus  on  inner  side 080 

Depth  of  trochlea  *'        '*        017 

*'  head  "        *'        0145 

Width  of  trochlea 015 

"  navicular  facet 0195 

Length  of  head  from  inner  crest  of  trochlea 005 

"  calcaneum .058 
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Length  of  tne  part  of  caloaneum , 087 

Distal  depth  of  the  calcaneum 016 

Diameters  cuboid  face  calcaneum  i  witeroposterlor 0145 

\  transverse 0146 

Length  of  navicular 008 

"  cuboid 0146 

Transverse  proximal  width  of  three  metatarsals 027 

Diameters  of  second  metaUrsal  { «^nle«>P<»terlor 014 

\  transverse 007 

Antero-posterlor  diameter  of  third  metatarsal 0145 

Diameters  of  fourth  metatarsal  {  anteroposterior. 014 

I  transverse Old 

This  species  was  obtained  In  1878  fVom  the  bad  lands  of  South  Bitter 
creek»  Wyoming,  tvom  the  Washakie  basin  of  the  Brldger  formation.  The 
locality  Is  the  same  as  that  which  furnished  the  Triplopu9  cubitalii,  the 
Achomodon  inaoleni^  etc. 

HYRACODONTIDiE. 

This  fkmily,  which  I  characterized  In  1870,  Includes,  so  far  as  yet  known, 
the  single  genus  Hyracodon^  which  Is  found  In  the  Ollgocene  White  river 
formation  of  North  America.  According  to  Marsh,  tlie  digits  of  this  genus 
number  three  on  both  anterior  and  posterior  limbs.  It  has  a  full  series  of 
incisor  teeth  in  both  jaws. 

RIIINOCERIDiE. 

This  extensive  family  has  left  representatives  in  all  parts  of  the  Northern 
Hemisphere,  and  siK'cies  still  exist  in  the  Old  World.  From  tlie  following 
table  the  range  of  variation  of  its  genera  can  be  readily  seen  : 

I.  Four  anterior  digits. 

Incisors  \  ;  canine  \  ;  no  horn  ;  posttym^ianic  bone  distinct iie^aralAfTium. 

II.  Three  anterior  digits. 

a.  Posttympanic  process  not  co6ssifled  with  postglenoid. 

Incisors  jf ;  canines  f  ;  no  dermal  horn (Janop\M. 

Incisors  )  ;  canines  \  ;  no  dermal  horn Aph«lop%, 

Incisors  \ ;  canines  \  \  no  dermal  horn Pnaceroi. 

Incisors  { ;  amines  \  \  a  tuberosity  for  a  dermal  horn  on  each  nasal  bone. 

DkwatMrium. 

Incisors  \ ;  canines  } ;  a  median  dermal  nasal  horn (Jwatorhinui, 

Incisors  \ ;  canines  \ Zalah%%. 

Incisors  g  ;  canines  %  ;  dermal  horn  median  ;  no  osseous  nasal  septum. . . . 

At4lodu9. 
aa.  Posttympanic  process  co5slfied  with  postglenoid  ; 

Incisors  \  \  canine  f  ;  dermal  horn  median  ;  nasal  septum  not  ossified. . . . 

Bhinoc0ru$. 

Incisors  g ;  canine  g ;  dermal  horn  median  ;  nasal  septum  ossified 

Cmlodonia 
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II  mn  MMdily  b(»  Mvn  llmi  ih«  gt^ncn^  AlH>rt>  d«>Anod  f^^rni «  $tM<^ttAl«d 
aftri«ik  Uit^  »ie|«  of  whid^  «it»  m«*»MT«d  |mnoi|Villy  by  suc^^emir^  mod(t(oi^> 
Xkm*  of  (bur  ditbnuit  |mi1«  of  \ht  «k<i^Wlott.  Th(p«i>  An\  Af«U  Ui<^  ivducUoii 
of  lh«  number  of  Iho  lo«»  of  Uio  (uiK^rlor  (^H>t ;  »e<^^d«  the  rtnUioUon  in  Ui« 
numbi^r  and  d<»Tt»K>pmt^iii  of  tlio  c4uiU)<»  Mid  inci;M>r  loelh  ;  Ihird,  Iho  di»|tr«<[» 
of  cloture  of  iho  mtMUi«  Audlloriu»  exlemut  bv'low  ;  luut  ftnirllu  In  the  de« 
Te)o|uiient  of  the  demiitt  horu»  of  the  Qtt»e  And  ll»  su|HH>rt»K  WhUe  Uie^e 
rhMmc^ers  h«ve  th«t  titnjriMe  And  nietutunib^e  (|Uiuitl(y  which  renders  them 
ATAlkbte  (br  iceneric  d(«^tu^(^  there  «re  others  which  |h>«mm!«  n  ^Imli^r 
»i|tniAciuice«  luid  which  I  hAve  noticed  In  An  article  |Hibii«i)\ed  in  Uie  buUe* 
till  i>f  the  U.  S.  t>e\^iojcicni  Survey  of  Uie  Territories  t\>r  8e|Hember  18^. 

Thl«  «erie«  may  l»e  reim^wntcit  in  tieneAiojticAl  rclAtiim*  a*  fv>iU>w«  :• 


\ 

\ 

The  CAriy  ly|vp»  which  CK>rre»|Huui«  mo*!  ncAriy  with  Oim;»im,  And 
which  |wtH\Hle\t  lH>lh  it  And  tiie  A\'*r\t3%^ntt  m  lime,  i»  tlie  «^^nu»  IVtV^v»ii4» 
Cot*'?*  which  liAs  left  a  «|HHno*  in  the  Tpi^r  Uridj^^r  ol  Wyi>minjts  Here 
the  inci9i^r»  Are  i^rolvubly  j[  And  the  caiUucs  |.  Tliis  fvmnuiA  i«  UiAt 
of  the  Kocene  tApirs,  where  tiie  noniiAl  numlH'nt  |  |  i^revAii,  Trf$^ft^4t 
fVirUier  ditfera  in  tiie  pHiniUve  condition  of  the  i^rt^moiArs  AlK>ve^  whicK  a» 
in  the  /.f»j»^i^l«tii/i«f«»^  diirerfrxxu  the  nudArft  in  their  jtrenter  siimtdicity> 
Thu«  it  l»  proltAitle  thAt  tApiix^d^  imdvubiy  /.^>/)Ai\hr»»l(W«^  $Ave  ori^tin  to 
the  /?.\m<Hyrt«^A  a»  MAV^h  hAS  su|Q^'$te\iv  And  it  i»  furliier  Aito$:ethejr 
prvU^lde  thAt  the  sieneiAl  ty|Mf  of  dentil l^ui  presented  by  the  RhiM&^H^'m. 
/^f  l«W««f»^d«^  etc.*  wiiicii  1  hAve  nAineit  tiie  ^>Ai«^>therilxUult,  txnd?  it« 
oH|tin  (Wun  the  ty|v  wliicii  i«  interine\)iAte  Wtwi^en  it  And  the  imnodiuit^ 
r\t^  the  «yndH>ro^Uuit«  a«  I  liAte  |>ointe%i  mit  in  au  e$$<^  on  tlii»  »ul\jects 

The  Ar»t  A|>|H>Antnce  of  denuAl  h\^n»  wa»  A|>|viirentiy  in  a  pAlr  |dAce\) 
inuiareraei^*  on  the  nAS^I  lvi>ne*,  in  *|>ei"ie*  ^>f  KiH^pne  t.^^i^SM^nfiH*  of  tlie 
,ce4iu«  (V/<»fi<«criMji«  The  «Ame  charActer  iiA.^  iH>en  olv»erT\Ht  by  Mai^Ii  in 
*Heci<w  of  Uie  r*ower  Mi\H^ne,  xviiich  pM^it^iy  tH^t^ui^it  to  the  true  Rkit^- 
ttn4^  And  which  lie  hA*  i^Ue\i  ntWr>ask^nHm.  Thi*  genu«  A|>|VMni  to 
hAve  tenniiiAted  tlie  line  exhibiting  thi»  »tructure^  And  the  l^niily  in  North 
AinericA  reniAine^t  without  tiorn.  A«  we  liAve  ?^een»  the  tyiwft  |x^«»e«»in4| 
Uie  meiliAii  horn  Aiwse  in  Kur\>)>e^  in  the  (>fMfor^»«tw<  iv*v>i>r«Jt»KftWW  of 
the  Middle  Mi\H>pne,  And  *lill  Mirvlve*. 

•«ee  Am«»rhvfti\  X«t\irAll«tx  1*^1,  |\  «U. 
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It  may  be  obserrod  in  conclusion  that  a  successive  increase  of  size  in  the 
species  of  this  line  has  taken  place  in  North  America  with  the  advance  of 
geologic  time.  Thus,  their  probable  ancestors  of  the  genus  Triplopui  wore 
the  least  of  all.*  The  Caiwpoda  of  the  "White  River  formation  were  larger ; 
the  oldest  G,  mitf,  being  the  smallest.  The  Aphelopsa  of  the  Loup  River 
or  Upper  Miocene  formation  were  all  larger,  and  were  nearly  equal  to  the 
large  existing  species. 

TAPIRID^. 

The  genera  of  this  family  ai^  not  numerous  as  yet.  The  oldest*  LUtri- 
i^on,  appears  in  the  Middle  Miocene  (Gers,  France),  and  Tapiru$  is  first 
found  in  the  Upper  Miocene  (Epplesheim).  The  recent  species  of  the  &m> 
ily  belong  to  Tapirus  L.,  and  Ela&moffnathu9  (Gill).  A  small  species, 
the  TapirulxM  hyraeinu$  Gerv.,  is  fVom  a  bed  at  Perreal,  France,  which 
Pictet  has  identified  with  the  gypsum  of  Paris  (Oligocene).  It  is  some- 
times referred  to  this  fkmily,  but  is  not  sufUciently  well  known  to  deter- 
mine its  position.  In  America,  Listnodotit  or  a  genus  which  has  not  yet 
been  distinguished  f^m  it,  is  found  in  the  Miocenes. 

The  three  genera  are  distinguished  as  follows  : 
Three  anterior  premolars  different  from  fourth  premolar 

and  tme  molars ;  h\st  inferior  molar  with  heel Listriodon, 

One  superior  premolar  different  fi^om  true  molars ;  no  heel 

of  third  inferior  molar ;  nastil  septum  cartilaginous Tapirus, 

Like  Tapmn^  but  nasal  septum  osseous Elasmo^nathua. 

CIIALICOTHERIID-ffi. 

Gill ;  Cope,  American  Naturalist,  1881,  p.  840. 

This  family  had  numerous  representatives  during  Eocene  time,  and  a 
few  species  of  C?ialieoth$rium  extended  into  Miocene  time.  The  bound- 
aries which  separate  the  family  f^om  the  Lophiodontidm  on  the  one  hand 
and  the  MenodotUidm  on  the  other,  are  not  always  easy  to  determine. 
From  the  former  the  symmetrically  developed  external  Vs  of  the  superior 
molars,  and  the  double  Vs  of  the  inferior  molars  distinguish  it.  Yet  in  Bhaga- 
thwium  the  external  Vs  are  not  so  well  distinguished  as  in  other  Chalico- 
ih^ida;  and  in  Fropalatotheriumt  the  anterior  cingular  cusp  produces  a 
imrt  of  the  assymmetry  found  in  the  LopModontida,  The  character  of  the 
double  inner  cusps  of  the  superior  premolars,  which  distinguish  the 
MmodontidcBf  is  only  appHctible  to  the  last  premolar  in  Diplaeodon  of  the 
latter,  while  a  trace  of  the  additional  cusp  of  this  tooth  is  found  in  the 
Ohalicotheroid  NestaHtherium. 

In  using  the  following  table  it  must  be  borne  in  mind  that  the  numl)er  of 
the  toes  has  been  determined  in  a  very  few  of  the  genera.  Should  any 
of  them  prove  to  have  but  three  digits  on  the  anterior  foot,  such  genera 
must  be  referred  to  a  new  family  Intermediate  between  this  one  and  the 
Palmotheriida. 
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I.  Intenial  coqm  ot  tuimHor  moUn  aepMrAte  from  extern*!  lolMt. 
il.  Cuapi  of  Inferior  molan  Qoi  comph^iel,T  UQlled ; 

««  Sxierna)  lobes  of  RU|>erior  mohurs  more  or  )<«8  con)c« 
Inferior  i^remohurs  III  am)  IV  compnwM»d»  Utreo  1olK>d ;  *  dlMlema  both 
behind  Mid  ItoR^reP^m.  II , RM4i$mikmrum. 

AA^  Ciwpe  of  in(i>rior  moiiuns  united  into  two  V«« 

««  Incist^m  |ue«K^nt. 

fi^  No  dlMtema  in  front  of  aect^itd  infipHor  premolar. 
Second  premolar  without  inner  lobe ;  laet  molar  wiih  one  inner  cone . « « • , 

SiH^Mid  pivmolar  with  inner  c\me ;  la»t  8Ui>eHor  molar  with  an  inner 
cone « — « « « • Ail#iMf«»^. 

Second  premolar  with  inner  ci>ne ;  iMt  9U|>erior  molar  witlt  two  inner 
con«« «...  * Limn4h^fi4. 

^.T.  A  dia»lrma  in  frxmt  of  i»ec\)nd  inferior  premolar. 
Two  inner  ci>ne«  of  la«l  tu|x^rlor  molar,  • « « « . . . .  Lt^mbili^lAtrimm. 

a«t«  InciA>ni  absent  fr\>m  bolh  Jaws. 
LiMt  6U|>erior  molar  with  one  intern a1  cone. « • y$$U>riik^rium. 

XL  One  or  Mh  internal  cu3|«  of  »u|H>rlor  molars  unite^l  with  the  exter- 
nal lolws  by  cross^rest^. 

a«  External  cu^i^  of  su|H>Hor  molars  more  or  less  cimic  : 

Ati  antt'ntexternal  cingular  cusp «.«....  /Vt7M((9^>lVri<iw « 

a«t.  External  IoIh^s  of  su|H'rior  molars,  InHecteil  Vs. 

/9,  No  crescent Ic  inner  loin**. 
No  intermediate  lolies CA<Ui>«>(Asfiiiia. 

^i,j.  One  or  more  lobes  of  each  molar  cjrescentic. 
Intermediate  lobes«  and  ime  internal  cone  of  sui^erior  molAr». «....«,.«,«« 

The  following  n\«lon»  have  thus  (kr  frirnishod  j^ikh^Ics  of  the  alwve^meu- 
tione^l  genera : 

Euixtpe^iiAtij/itM^nN m^  i Vn^hi^w? A<»rMim,  Chi9U\\*fM^HHm^ 

N.  America— /^iir«hY/>A«W«ji»  iVW«mkt^v<v*^  /.i'wim»AyM#»  I^tmhiU^tk^Hum, 

Asia— >  AV«l<»n>M#W  M  m. 

Of  the  Auwricjin  genera,  /.f  wrt»tv;»A«iiM*  S.  S»  v^  O.  hds  Innm  found  by 
the  Princeton  exploring  exjH^'lUlon  of  l$77  in  the  Bridger  formalism,  but  I 
have  not  met  with  It  n^jk^self.  MtHi*<^fA^HHm  C\>pis  is  known  from  a 
single  s)>eci«s  fVmnd  by  myself  in  the  WtuMtch  t«>rmtition  of  New  Mexli^o* 
and  deecrilHjd  in  my  reixm  to  Oapt.  0.  M.  Whet^ler  0^T7), 


Fio.  3,  Pari  or  right  niKKllUry  bone  or  JWanfwotAvHum  aliamtme  Cope,  Trora 
tbe  WEMatoh  bed  of  New  Mexico.  Prom  Report  Capt.  U.  M.  Wheeler.  IV.  11, 
PI.LXVI. 

MENODONTIDjE. 
The  known  genera  of  this  family  are  not  numerous.    They  are  defined 
as  follows : 

I.  Vs  of  Inferior  molars  probably  Incomplete  ;  superior  molars  with  in- 
termecliatB  tubercles. 

Internal  cusps  of  superior  molars  well  Heparaled Aco'ittnt. 

II.  Inferior  molars  with  the  crowns  thrown  into  two  Vs ;    snperior 
molars  without  iDtermedtate  tubttrcles. 

a.  Last  superior  premolar  only  with  two  inner  tubercles. 
Incisors  present Diplacodon. 

aa.  AH  the  superior  premolars  with  two  interior  cusps. 

Bix  inferior  incisors,  canines  very  large Daodon. 

Bix  inferior  Incisors  ;  caninea  very  small Menodul. 

No  Inferior,  and  four  small  superior  incisors  ;  canine  very  small 

Symborodon. 
The  first  appearance  of  this  family  was  In  tbe  Early  Eocene  in  the  genua 
Aaoitiui  Oope,  which  was  a  cotemporary  of  Hyracot/ttrium,  and  which  it 
resembles  in  some  respects.  Its  typical  species  was  called  Hj/raeotlitriwn 
ndwolithicunt  by  Pictet,  its  describer,  but  Kowalewaky  has  already  ex- 
pressed the  opinion  that  the  species  does  aot  belong  to  that  genus.  It  is 
from  the  Lower  Eocene  of  Mauremont,  Switierland.  The  remaining 
genera  are,  as  yet,  American,  excepting  one,  which  is  represented  by  an 
Austrian  species,  not  yet  well  kuowu.  Diplaeodoa.  in  its  simpler  pre- 
molars, approaches  the  Chatieotheriidm,  and  is  the  oldest  of  the  American 
genera.  It  is  tratn  the  Uinta  or  Upper  Eocene.  MenodMi  and  Symborodon, 
w  hich  Include  some  species  of  gigantic  size,  belong  in  the  While  river  or 
OUgocene,  while  ZWdon  has  so  far  only  been  obtained  from  the  Truckee 
or  Upper  Ollgocene. 


MACRAUCHENIID^. 

But  one  genus  of  this  family  is  known  at  the  present  time.  The  follow- 
ing are  the  dental  characters  of  Macrauchenia,  Formula :  I.  f ;  O.  ^  : 
P.m.  f  ;  M.  f,  forming  an  uninterrupted  series.  The  superior  molars  pre- 
sent two  external  Ys,  and  two  oblique  transverse  crests,  somewhat  as  in 
PaUsotherium.  The  spinous  foramina  pierce  the  neural  arch  of  the  dorsal 
vertebrae  (Gervais) .  There  is  no  intertrochlear  crest  of  the  humerus,  bat 
the  carpal  facets  of  the  radius  are  well  distinguished.  The  internal  malleo- 
lus is  small,  but  the  fibular  malleolus  is  coossified  with  the  tibia  at  an  earlv 
age,  and  articulates  with  the  calcaneum.  The  trochlea  of  the  astralagns 
is  well  developed.  The  lateral  digits  are  large,  and  the  distal  keels  of  the 
metapodials  are  continued  on  the  anterior  face  of  the  condyle. 

The  position  indicated  by  the  above  characters  is  a  remarkable  one.  The 
uninterrupted  dental  series  and  the  absence  of  intertrochlear  humeral 
crest,  are  primitive  features  among  ungulate  Mammalia,    The  radiocarpal 
articulation  is  facetted  as  in  higher  ungulates,  but  lacks  the  inferior  condy- 
loid face  of  those  types.    The  completeness  of  the  metapodial  distal  keels 
is  a  feature  of  high  specialization,  only  seen  in  the  Equida  of  this  order. 
The  coossification  of  the  external  malleolus  is  also  a  character  jieculiar  to 
the  EquidcB  among  the  Perissodactyla.    There  are  two  other  characters 
which  are  not  elsewhere  found  in   this  order,  viz  :  the  articulation  of  the 
fibula  with  the  calcaneum,  and  the  absence  of  the  vertebrarterial  canal. 
The  former  belongs  to  the  Artiodaetyla  generally,  and  to  the  Proboscidse, 
and  the  latter  to  the  ruminant  family  of  the  Camelida,    Thus  the  Macrau- 
cJieniida  stand  out  as  one  of  the  most  distinct  of  the  families  of  the  Periss»' 
dactyla,  and  one  to  which  we  may  anticipate  considerable  accessions  in 
future. 

But  two  species  of  Macrauchenia  are  known,  a  larger.  If.  pat€ichoni€a, 
and  a  smaller,  M.  baliviensis,  both  from  the  Pliocene  formation  of  Soath 
America. 

PALJEOTHERIID^. 

This  family  has  been  already  defined  on  x)age  378.  In  its  complex  pre- 
molar teeth,  which  in  the  upper  jaw  resemble  the  molars  in  compositioD. 
it  shows  an  advance  over  the  Chalicotheroid  and  other  genera  of  the  Lower 
Eocene.  In  fact,  it  has  not  been  found  in  the  Lower  Eocene,  bat  com- 
mences in  the  Upper  Eocene  in  the  genera  Palaotherium  and  Palophthg- 
rium.  Thence  it  extends  to  the  very  summit  of  the  Miocene,  and  may 
even  occur  in  the  European  Pliocene  (Protohipptu).  Its  members  exhibit 
considerable  range  of  variation  in  the  details  of  the  teeth  and  feet,  bat  no 
striking  break  of  family  importance  occurs.  The  most  noteworthy  inter- 
ruption is  that  which  is  found  between  the  PakBoih&riiUB  and  Hipp&ikeninmy 
where  there  is  a  change  in  the  form  of  the  proximal  extremity  of  the 
humerns  from  a  tapiroid  to  a  horse-like  form,  and  a  modification  of  similar 
significance  in  the  molar  teeth,  by  the  addition  of  a  deposit  of  cementam. 
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The  characters  of  the  genera  are  as  follows  : 

I.  PalmothenincB.  Bicipital  groove  of  humerus  simple ;  teeth  without 
cemehtum, 

a.  One  or  more  internal  tubercles  of  superior  molars  distinct. 

Bzternal  Vs  of  superior  molars  not  well  distinguished  externally 

AnehilophuB. 
External  Vs  seimrated  by  a  vertical  rib ;  intermediate  tubercles  not  con- 

necting  fore  and  aft « Paloplotherium, 

External  Vs  separated  ;  intermediate  tubercles  extended  fore  and  aft. .... , 

Anchippu9, 
aa.  Internal  tubercles  of  superior  true  molars  continuous  with  the 
transverse  ridges. 

Inferior  molars  with  two  Vs  only;  lateral  toes  large. PaUBotJierium^ 

Inferior  molars  with  distinct  internal  tubercles ;  lateral  toes  small ;  a  short 

fifth  metacarpal , MeaohippuB^ 

Inferior  molars  with  cusps  at  the  inner  extremities  of  tlie  Vs  ;  lateral  toes 
small;  no  fifth  metacarpal AnchitJurium, 

II.  ffippoVteriina,  Bicipital  grooove  of  humerus  double ;  molars  with 
cement  in  the  valleys.  (Intermediate  tubercles  connected  fore  and 
afL) 

a.  One  or  more  internal  tubercles  of  superior  molars  distinct. 
Inner  lobes  of  inferior  molars  enlarged Hippothei'ium^ 

aa.  Internal  tubercles  of  molars  not  distinct. 
Inner  lobes  of  inferior  molars  enlarged . . . « Protohippua, 

The  genera  of  this  fkmily  are  generally  of  less  antiquity  than  those  of 
the  Ohalico(?i$riidmt  and  they  range  fVom  the  Middle  Eocene  to  the  Plio- 
cene. Palaploiherium  is  found  in  the  Middle  Eocene»  and  is,  as  might  have 
been  anticipatedi  more  nearly  allied  to  the  Chalicoth&riidm  than  any  other 
genus  of  this  fkmily.  PropaUBoiherium  is  not  fkr  removed  trom  iu  An- 
chil&phua  is  upper  Eocene,  and  is  allied  to  the  genus  just  named,  and  also 
to  Pachynolophua  among  the  Lophiodontida*  These  early  genera  consti- 
tute by  their  similarity,  the  bond  of  connection  between  the  three  families 
which  in  their  later  and  specialized  forms  are  very  diflferent  fVom  each 
other.  PalaoVierium  is  chiefly  found  in  the  Upper  Eocene,  and  JdaaoMp^ 
pui  is  only  known  fVom  the  White  river  or  Oligocene,  an  age  between 
Eocene  and  Miocene.  Anchithirium  commences  in  the  Middle  Miocene 
and  has  Anchippua  for  a  cotemporary.  Jlippotherium  existed  only  In  the 
latter  part  of  the  Miocene  Epoch,  consistently  with  the  greatly  specialised 
structure  of  its  limbs  and  teeth,  and  the  nearly  allied  ProtoMppw  lived 
with  it;  while  in  Europe  a  species  with  the  same  type  of  molar  teeth  is 
found  in  the  Pliocene  epoch  (Forsyth-Major),  These  forms  were  cotem- 
porary with  the  Equidm,  which  outlived  them.  They  have  many  points  of 
resemblance  to  that  family,  but  nevertheless  remain  at  a  considerable  inter- 
val fVom  them  in  the  structure  of  the  Oeet. 
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Utile'  <rro'it  u  tu*-  strudun-  o   lir  lee;..  .  t.   tut-  dsstt.  anMBodi*.  £^« 
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tutc:   j<- ai4'   WrtotJoOitCT  M»  llIle^  u  aTx&innir  tiiezr 
liar  uiiei    ueei    xioiicet.      I   rfrriea*   tneiL   here  il  taimic 
ouiuiflD^     Tiiee*   sii<iv    "likut*  I    tue  modiiiQB&aie  in  'wiuo. 
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Biort:  0|>«.'(:iuite«c  u'  im  tvc     ant  1  atiR  in  Iheae  n:  'whict  tat 
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CVHf*^)  '«00  j,V|*«  IX 

Th«  ^^$T»phicftl  iiistribuUiMi  i^  Ui(«e  fc^iK^m,  w  fkr  «s  present  knowl- 

Xcurtb  AmeHcft  «loii«> — Mm^MpftuK  Am^ip^puM. 

XorUi  Amerkift  and  Kun>p(> — AmchiiJkifHmms  Hif^prntA^rium^  Pt'ii4M(ffmM. 

Tb€»  Iwo  |{Mier«  of  lhi»  tIkmUy  ia«  dbUngxiiahfd  m  ft41ow»  : 

lQl(»rnal  K>hMi  of  superior  nu^larst  sub^qua) « lfi^iyNiifWMi> 

Antf'rior  Int^^mid    loNx»  of   sup«»rior  UH^lan  much  iMrser  Uimi  llk^  pw- 

termor « « « « « « .   . « « * « 10f«iMk 

Tli«»  |jt«»iitts  l7t>|»NliMiii  is  «»xtincl«  Mid  ils  sp(»ci««  hare  Usen  thus  fkr  Rmnd 
OQly  in  Xortli  and  8outti  Anu^Hoii.  in  Ucnts  of  Pliocene  af«^«  iSfmm*  wadt^ 
its  ap|¥f«iiuice  durin^t  the  «iuu<»  perimt,  and  is  rc»pr«««^ntfd  by  sereral  exist ^ 
ing  specieiL 

Bwkiites  the  r^tucUon  in  the  number  of  di^cils.  which  is  tarried  farther 
here  than  in  any  other  fhmlty  of  M^mm*»UiMs  there  are  serenU  oilier  char^ 
ftctertstica  of  specialiaatli^n.  Thus  in  the  dentition,  the  s|>acee  between  the 
tuberclee  are  tilled  with  cementum.  Theee  valley*  aw  t^^neratly  dee|v  owin^r 
to  the  prismatic  ft^rms  of  the  molars.  The  cups  of  the  inci$or»  are  cc«n« 
plelely  deTelo|^«  and  also  Ailed  with  cementum*  There  are  two  bicipital 
ItmoTes  of  the  humer\is«  The  prectniins  characters  are  also  tV^um)  In  the 
/^^|i^.l#nViMS  of  the  /\iHri»lJi^riMf«s. 

The  h\%tiim  adds  ani>ther  evidence  of  itreater  specialltalKui  than  the 
latter  group  In  the  strticiurv  of  Its  tVet^  k  #.»  the  distal  melapi>dial  keels  aiv^ 
compiele^l  f^rwaixis,  as  In  most  rtiminants. 

The  similarity  of  the  mtHllflcatii^s  which  have  superrened  oi\  the  ArtK>- 
dactyle  and  Peri»iWlactyle  line«  in  attaining  their  most  speciallied  extreme 
has  often  been  noti\NHi«  I  retreat  them  here  in  tabular  Ibnn  in  three 
columns.  These  show  vTable  l\  the  moillflcations  in  which  the  J(^i«to 
nnd  A^ri'ilis  are  itlentii^al  or  nearly  so,  which  plaice  them  at  the  heads  of 
their  respective  orvlers ;  Table  II«  those  In  which  the  K^ptkUt  are  the 
more  specialisett  of  the  tw*o ;  and  Tible  IIL  th\^se  in  which  the  AfteMys  dis- 
plays the  highest  dit¥V»rentiatK>n. 
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^ote  on  the  Structure  of  the  Posterior  Foot  of  Toxodon,    By  E,  D.  Oope, 

• 

The  position  of  the  genus  Toxodonm  the  system  of  Mammalia,  is  a  qaes- 
tion  upon  which  few  authorities  have  expressed  positive  opinions,  and 
which  is  generally  regarded  as  still  an  open  question.  In  the  lack  of  cer- 
tainty on  the  subject,  a  separate  order,  the  '*  Toxodontia**  has  been  pro* 
posed  for  its  reception.  It  is  known  that  the  genus  is  ungulate,  bat 
the  opinions  of  authors  are  much  divided  as  to  its  relations  to  the  three 
principal  orders  included  under  that  head.  Resemblances  to  the  Probos- 
eidea  have  been  detected,  but  Professor  Gervais  (Comptes  Rendus,  1878), 
asserts  that  there  is  a  close  resemblance  to  the  genus  Hippopotamus  in  the 
structure  of  the  posterior  foot. 

Having  come  into  possession  of  remains  of  Toxodon,  which  include  the 
greater  part  of  the  skeleton,  I  make  a  few  observations  on  the  affinities 
suggested  by  the  posterior  foot,  the  only  portion  just  now  accessible  in  my 
collection.  The  calcaneum  and  astragalus  have  been  more  or  less  imper- 
fectly figured  by  De  Blainville  and  Burmeister,  but  no  one  has,  to  my 
knowledge,  represented  the  entire  foot.  The  calcaneum  is  rather  short  and 
stout,  and  its  external  convex  tuberosity  is  of  unusual  size.  Its  articular 
surface  is  divided  into  two  subequal  parts,  the  internal  of  which  sup- 
ports the  astragalus,  the  external  the  fibula.  Thus  the  fibular  articulation 
is  of  unusual  size.  The  cuboid  facet  is  on  the  inferior  face  of  the  ex- 
tremity of  the  calcaneum,  thus  looking  directly  downwards  when  the  bone 
is  prone.  In  order  to  articulate  with  the  remainder  of  the  foot,  the  calcaneum 
must  have  been  inclined  upwards  and  forwards  at  an  angle  of  45°,  and  the 
cuboid  inclined  downwards  and  forwards  at  a  similar  angle.  That  the  axis 
of  the  astragalus  had  the  latter  inclination  is  proven  by  the  &ct  that  the 
superior  plane  of  the  sustentaculum  lies  at  that  angle  to  the  axis  of  the  re- 
mainder of  the  calcaneum.  The  great  convexity  of  the  external  tuberosity 
for  the  astragalus  will  also  permit  of  such  a  position  for  the  astralagus. 
The  navicular  facet  of  the  astragalus  is  plane  and  truncates  the  bone 
somewhat  inferiorly  as  well  as  distally,  so  as  to  present  in  the  same 
way  as  the  cuboid.  There  is  probably  no  cuboid  facet.  I  have 
not  seen  the  cuneiform  bones.  The  metatarsals  and  phalanges  are  robust 
and  rather  short.  The  distal  keels  of  the  former  are  posterior  and  rudi- 
mental.  Their  proximal  extremities  have  a  small  lateral  tarsal  facet  aa 
well  as  the  principal  one.  The  median  digits  are  of  unequal  length,  and 
the  lateral  ones  are  much  shorter,  but  robust.  Whether  there  are  four  or 
^Ye  digits  I  cannot  definitely  ascertain. 

The  above  characteristics  are  very  significant.  They  at  once  refute  any 
supposition  of  affinity  to  the  Artiodactyla,  whether  suilline  or  ruminant. 
The  form  of  the  astragalus  and  wide  fibular  condyle  of  the  calcanenm, 
opposes  the  reference  of  the  genus  to  the  Perissodaetyla.  On  the  other 
hand,  all  the  characters  of  the  feet  thus  far  adduced,  are  found  in  the  Pro- 
boseidett.  They  are  not  only  those  of  that  order,  but  they  are  carried  to  a 
degree  of  exaggeration,  as  though  Toxodon  represented  a  high  grade  of 
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spocialization  of  that  order.  The  posterior  fbot  were  more  truly  planti- 
grade, for  the  extremity  of  the  ci\lcaneuin  reached  the  ground,  while  the 
instep  was  elevated  above  it,  being  supported,  no  doubt,  by  a  more  or  less 
elastic  pad.  This  arched  or  angulate  ph\ntign\de  ty(>e  of  fbot,  has  a  remote 
parallel  in  that  of  man.    It  is  quite  unique  among  ungulate  Mammalia, 

What  difficulties  the  other  parts  of  the  skeleton  may  present,  I  do  not  yet 
know,  but  I  perceive  nothing  in  the  dentition  which  forbids  the  reference 
of  Toxodon  to  the  Proboaeidia.  The  dentition  is  scarcely  more  different 
from  that  of  M<Mtodon  or  Dt'not/Mntim,  than  that  of  Bob  is  fhsm  DicotyUs 
or  Hippopotamus.  The  former  genem  may  be  the  extremities  of  a  series 
whose  intermediate  members  are  as  yet  undiscovered.  In  the  latter  case, 
the  intermediate  forms  are  mostly  known. 


Stated  Meeting,  May  6, 1881. 

Present,  22  members. 
President,  Mr.  Fralby,  in  the  Chair. 

Capt.  McCauley  and  Mr.  Ellis  Yarnall,  two  newly-elected 
members  were  introduced  to  the  presiding  officer  and  took 
their  seats. 

Visitor,  Lieut.-Commander  Qorrin^e,  U.  S.  N. 

Letters  acknowledging  receipt  of  diplomas  were  received 
from  Messrs.  W.  B.  Taylor,  C.  P.  Patterson,  Asaph  Hall,  J. 
J.  Stevenson,  0.  F.  Adams,  J.  F.  Mansfield,  A.  S.  McCreath, 
J.  Douglas,  Jr.,  L.  M.  Haupt,  R.  H.  Alison,  0.  W.  Holmes, 
Alvan  Clark  and  J.  J.  Sylvester. 

Letters  accepting  membership  were  received  from  Mr. 
Alvan  Clark,  dated  Cambridgej^ort,  Mass.,  April  25th  ;  Prof. 
J.  J.  Sylvester,  dated  Baltimore,  April  25th  ;  Judge  Wm. 
Butler,  dated  Philadelphia,  May  6th ;  Prof.  E.  A.  Barber, 
4101  Walnut  street,  Philadelphia,  April  25th,  and  Mr.  W. 
W.  Griscom,  2009  Pine  street,  Philadelphia,  April  18, 1881. 

Letters  of  acknowledgment  for  publication,  and  letters  of 
envoy  were  read  from  the  Mus^e  Guiniet,  Herr  Sommerbrodt, 
of  Breslau,  April  11th,  1831 ;  the  Physico-Central  Observa- 
tory, St.  Petersburg,  the  Smithsonian  Institution,   April 
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15th,  and  the  Bureau  of  Ethnology,  J.  W.  Powell,  Director, 
April  25th. 

Donations  for  the  Lihrary  were  received  from  St.  Peters- 
burg Botanical  Garden ;  Swedish  Bureau  of  Statistics ;  Dr. 
Julius  Sommerbrodt,  of  Breslau ;  R.  Belgian  Academy ;  Geo- 
graphical Society,  of  Bordeaux ;  Revista  Euskara,  of  Pam- 
plona ;  R.  Academies  at  Turin  and  Rome ;  R.  Astronomical 
Society ;  Society  of  Antiquaries ;  Dr.  C.  W.  Siemens ;  Au- 
gustus Mongredien ;  London  Nature ;  Hon.  R.  C.  Winthrop ; 
Boston  Academy  ;  American  Journal  of  Science ;  American 
Philosophical  Association  ;  Essex  Institute ;  American  An- 
tiquarian Society ;  Harvard  University  Bulletin ;  Samuel 
H.  Scudder ;  Astor  Library  ;  Microscopical  Journal ;  James 
J.  Talbot;  Geol.  Survey  of  New  Jersey  ;  Penna.  Magazine, 
Engineer's  Club,  Franklin  Institute,  Pharmaceutical  Asso- 
ciation, Prof.  E.  A.    Barber,  Numismatic  Society,  Penna. 
Hospital  for  the  Insane,  Penna.  Museum  and  School  of  In- 
dustrial Art,  Am.  Journal  of  Pharmacy,   Medical  News, 
Prof.  L.  M.  Haupt,  Mr.  Henry  Phillips,  Jr.;  Maryland  His- 
torical Society;  Smithsonian  Institution,  Anthropological 
Society ;  War  Department ;  Hon.  W.  D.  Kelly  ;  Mr.  Jed. 
Hotchkiss ;  Mr.  Chas.  C.  Jones,  of  Savannah ;  Wisconsin 
Nat.  History  Society  ;  Ministerio  de  Pomento. 

The  death  of  Prof.  A.  Delesse,  at  Paris,  March  24th,  aged 
63,  was  reported. 

Mr.  Frazer  exhibited  coins;  and  also  specimens  of  the 
granite,  cement,  lead,  bronze  and  steel  used  by  Egyptians  in 
erecting  the  obelisk  now  in  New  York,  and  sections  of  the 
granite  under  the  microscope. 

On  motion  of  Mr.  K  K.  Price,  the  thanks  of  the  Society 
were  voted  to  Lieut.-Commander  Gorringe  for  the  great 
gratification  he  had  afforded  the  members,  by  tlie  exhibition 
of  many  rare  and  valuable  ancient  coins  of  Egypt,  Mace- 
donia, Greece  and  Rome;  and  to  Mr.  D.  S.  Holman  for  his 
assistance  in  rendering  them  visible  to  all  by  his  megascope. 

Mr.  Ashburner  exhibited  a  suite  of  maps  of  one  of 
the  British  coal  fields. 
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Dr.  Chance  communicated  a  paper  entitled  ^^  An  analysis 
of  the  Fire-damp  Explosions  in  the  Anthracite  coal  mines, 
from  1870  to  1880." 

Mr.  Praley  reported  that  he  had  received  the  last  install- 
ment of  the  Michaux  legacy,  amounting  to  $181.18,  and, 
paid  it  over  to  the  Treasurer. 

And  the  meeting  was  adjourned. 


An  Analysis  of  the  Fire-damp  Eixploeioni  in  the  Anthracite  Coal  Mines, 
ft'om  1870  to  1880.    By  H,  Jf.  Chance,  M.  D. 

{Bead  hrfore  the  American  Philosophical  Society,  ifay  0,  1881.) 

The  table  which  forms  the  subject  matter  of  this  paper  is  compiled  fVom 
the  reports  of  the  Inspectors  of  Mines,  for  the  years  ftrom  1870  to  1879  inclu- 
sive. In  it  are  Included  all  recorded  explosions,  whether  resulting  in  serious 
or  trivial  casualties.  The  majority  of  these  were  caused  by  the  ignition  of 
but  a  few  cubic  feet  of  explosive  mixture,  but  some  were  terrible  dis- 
asters, the  victims  of  which  may  be  numbered  by  scores. 

The  total  number  of  recoixied  explosions  is  080,  the  number  of  casualties 
1137,  and  of  these  225  resulted  fatally.  As  the  reports  for  two  or  three 
years  are  not  complete,  these  figures  do  not  represent  the  exact  number  of 
casualties  ;  but  they  express  sufficiently  well  the  ratio  between  the  explo- 
sions and  the  number  of  miners  injured  by  them. 

During  these  years  the  explosion  of  fire-damp  was  the  cause  of  sixteen 
per  cent,  of  the  total  casualties  reported  by  the  Inspectors,  of  eleven  per 
cent,  of  the  fUtal  accidents  and  of  eighteen  per  cent,  of  the  non-fhtal  cas- 
ualties. 

BXPLOSIONS  OP  FiRB-DAMP. 
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•  Exploslona  hi  BfMtorn  DUtrlot  of  Luserne,  uot  Inotuded  In  the  report  (br 
1871. 

fRxploitons  In  Southern  Dtatrlot  of  Carbon  and  LuBorne,  not  Inoluded  In 
column  for  1876. 

tShnmokln  nistriot  Rtatistlos  omltteil  flrom  report  for  1870. 
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The  table  is  arranged  to  show  the  number  of  explosicniB  occuring  in  each 
month  of  the  year  for  ten  years,  and  the  right  hand  column  the  number 
for  each  month  of  the  whole  period. 

An  inspection  of  latter  column  shows  at  once  that  from  April  to  October 
the  number  of  explosions  is  far  greater  than  that  of  the  remaining  months 
of  the  year.  In  these  seven  months  463  explosions  are  recorded,  an  aver- 
age of  sixty-six  for  each  month,  but  for  the  remaining  five  months  (Jan., 
Feb.,  March,  Nov.  and  Dec.)  we  find  but  216  explosions,  an  average  of 
but  forty-three  for  each  of  these  months. 

Temporary  or  partial  suspension  of  mining  during  some  part  of  these 
months  in  certain  years  may  partly  account  for  this  difference,  but  is  inade- 
quate to  explain  so  marked  a  contrast  between  the  groups  of  warm  and 
cold  months. 

It  seems  probable,  that  if  a  closer  differentiation  could  be  made,  it  would 
be  found  that  many  of  the  explosions  occurring  during  the  warm  months, 
happened  at  or  immediately  following  a  short  period  of  unusual  warmth, 
during  which  the  ventilating  current  was  somewhat  diminished  in  strength. 
At  such  a  time,  when  unusual  warmth  with  high  barometer  had  existed  for 
one  or  two  days,  a  sudden  fall  in  the  barometric  column,  presaging  a  local 
or  general  storm  would  surely  be  followed  by  an  increased  outflow  of  gas 
which  might  readily  become  explosive  at  the.  working  face  while  the  air 
still  remained  safe  in  the  upcast.* 

The  low  rate  of  July  may  be  due  in  part  to  partial  suspension  of  opera- 
tions during  that  month,  and  the  high  rates  of  November  and  December, 
high  compared  to  those  of  January,  February  and  March,  are  probably  due 
in  part  to  steady  working  to  supply  the  winter  demand,  and  the  low  rates 
of  the  remaining  winter  months  to  partial  suspension  of  work. 

The  maximum  rate  in  May,  and  the  next  in  rank,  October,  are  just  five 
months  apart.  Are  these  months  subject  to  greater  and  more  sudden  and 
frequent  barometric  changes  than  othera  in  this  part  of  the  United  States? 

A  list  of  the  most  serious  colliery  disasters  in  Great  Britain,  from  1778  to 
1866  inclusive,  develops  the  interesting  fact  that  out  of  forty-five  explosions, 
ten  occurred  in  June  and  eight  in  December,  periods  just  six  months  apart. 

The  table  is  as  follows  : 

January 2 

February 1 

March. 4 

April 0 

May 4 

*  If  one  per  cent,  of  gas  in  the  upcast  corresponds  to  a  maximum  of  five  per 
cent,  at  the  working  face  (in  places  where  '*  accumulations"  are  found)  an  in- 
crease of  two  per  cent,  in  the  upcast,  making  three  per  cent,  in  all.  a  perfectly 
safe  percentage—means  an  increase  to  seven  per  cent,  at  the  working  face;  a 
condition  of  great  danger.  The  above  described  meteorological  conditions  may 
often  bring  about  Just  such  a  result. 
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June •• 10 

July 4 

August. ,  • . .  8 

September • • 2 

October 4 

November • .  •  8 

Decefnber 8 

Total 45 

This  list  embraces  only  the  explosions  resulting  in  great  loss  of  life.  The 
minimum  loss  of  life  was  20,  and  the  maximum,  the  Oaks  Mine  disaster, 
December,  1866,  was  863 ;  the  loss  of  life  aggregates  2621,  an  average  of 
more  than  58  for  each  disaster. 

The  occurrence  of  three  of  these  explosions  on  June  2,  1862  (at  Wash- 
ington, Gulndr«Dth  and  Coppal),  and  two  of  the  most  fatal  on  December 
12th  and  13th,  1866  (the  "Oaks"  and  ''Talk  o*  the  Hiir»),  by  which  862 
and  92  lives  were  lost,  certainly  point  to  atmospheric  disturbance  as  the 
immediate  cause.  The  occurrence  of  a  large  percentage  of  these  disasters 
at  semi-annual  periods,  June  and  December,  seems  to  Indicate  the  occur- 
rence (in  Great  Britain)  during  these  months  of  unusually  high  barometer, 
followed  by  a  decided  fkll,  as  the  probable  cause  of  these  great  outbursts 
of  gas. 

But  the  problem  I  have  l)een  considering  it  somewhat  different,  for  the 
table  embraces  ail  the  explosions,  whether  large  or  small,  occurring  during 
the  ten  years.  Is  shows  a  decidedly  larger  number  for  the  warm  than  for 
the  cold  months,  and  therefore  points  primarily  rather  to  impairment  of 
ventilation  fh)m  high  temperature  than  to  barometric  diangos  as  the  true 
cause  of  the  difference ;  but  the  occurrence  of  two  maximum  periods.  May 
and  October,  seems  to  indicate  that  barometric  changes  have  also  exercised 
an  imix)rtant  influence  on  the  relative  efflux  of  gas. 

The  amount  of  rise  and  fall  does  not  seem  to  have  a  perceptible  e£fect, 
for  the  monthly  barometric  range  is  greatest  during  (he  eold  month$t  whereas 
fire-damp  explosions  are  most  f^quent  during  the  warm  months.  Fre- 
quent and  abrupt  changes  from  high  to  relatively  low  barometric  pres- 
sure, are  the  probable  cause  of  many  explosions,  though  the  movement  of 
the  mercury  may  not  amonnt  to  more  than  one-eighth  or  one-quarter  of 
an  Inch.  An  unusually  high  barometric  column  is  always  an  intimation  of 
coming  danger. 
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Stated  Meetingy  May  20, 1881. 

Present,  5  members. 

President,  Mr.  Fraley,  in  the  Chair. 

Letters  accepting  membership  were  received  from  E.  Male- 
zieuz,  dated  Paris,  March  4th ;  from  Claudio  Jannet,  38  Rue 
de  Varennes,  Paris,  May  7th ;  and  from  Paul  Leroy  Beau- 
lieu,  Paris,  27  Avenue  de  Bois  de  Boulogne,  May  4th. 

A  letter  acknowledging  diploma  was  received  from  J. 
Ericsson,  dated  New  York,  May  14th. 

A  letter  of  envoy  was  received  from  the  Royal  Geological 
Society  of  Cornwall,  May  3d,  1881. 

Donations  for  the  Library  were  received  from  the  Royal 
Prussian  Academy;  the  Botanisches  Central blatt,  Kassel; 
Zoologischer  Anzeiger ;  the  Geographical  Societies  in  Paris 
and  Bordeaux;  Editors  of  the  Revue  Politique;  Revista 
Euskara ;  the  Journal  of  Forestry,  London ;  Royal  Geologi- 
cal Society  of  Cornwall ;  Essex  Institute,  Salem,  Mass. ; 
Museum  of  Comparative  Zoology,  Cambridge ;  Boston  So- 
ciety of  Natural  History ;  Young  Men's  Association,  Buf- 
falo; Mr.  A.  R.  Grote,  BuiFalo;  Zoological  Society  and 
Franklin  Institute,  Philadelphia ;  U.  S.  National  Museum, 
Washington ;  American  Antiquarian,  Chicago ;  Kansas 
Historical  Society,  Topeka;  Revista  Cientifica  Mexicana, 
and  the  Ministerio  de  Fomento,  Mexico. 

Mr.  Price  presented  in  the  name  of  Mrs.  Ellen  Keene 
Mitchell  a  certificate  of  membership  of  John  Lukens,  dated 
the  20th  day  of  January,  1786,  and  signed  by  the  officers. 
John  Lukens  was  Surveyor  General  of  Pennsylvania  from 
December  17th,  1761,  until  his  death  in  October,  1789.  Mrs. 
Mitchell  is  his  lineal  descendant. 

On  motion  of  Mr.  Price, 

Resolved,  That  this  Society  present  their  thanks  to  Mrs.  Ellen  Keene 
Mitchell  for  the  certificate  of  membership  in  this  Society  of  her  ancestor, 
John  Lukens,  Surveyor  General  of  Pennsylvania,  dated  the  20th  January, 
1786,  signed  by  the  officers  of  that  date. 
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Mr.  Lesley  showed  a  translation  of  the  Lord's  Prayer  into 
Egyptian  hieroglyphics  by  Commander  McCauley,  U.  S.  N. 

Pending  nominations  No.  934,  985,  936  were  read. 

The  proceedings  of  the  last  meeting  of  the  Officers  and 
Council  were  submitted. 

The  meeting  was  then  adjourned. 


Notes  on  an  Egyptmn  eUnufnt  in  the  Niinies  of  the  Hebrew  kings,  and  its 
bearing  on  the  History  (^f  the  Exodtis.    By  J,  P,  Lesley. 

(Beadbtfore  the  Anierican  PhUosophieal  Society y  March  4,  1881.) 

It  was  accounted  a  great  discovery  when,  a  few  years  ago,  papyri  were 
found  stating  the  number,  cost  and  trans[)ortation  of  squads  of  APURU 
from  the  Delta  to  the  mining  districts  in  Kubia.  These  official  documents 
were  a  sort  of  Indian  bureau  agent  reports  of  the  age  of  the  XIX  Dynasty, 
say  1400  B.  C. ;  and  tlierefore  the  word  APURU  was  suspected  of  being 
the  Egyptian  equivalent  ot  tlie  Hebrew  word  ana;>,  OBRIM,  Hebrews.* 

Gesenius  gives  some  good  reasons  for  the  common  etymology  of  the 
word  fh)m  the  verb  OBR,  'avar,  to  pass.^ 

It  occurs  in  Clialdee  as  Eber,  "the  country  beyond**  the  Euphrates. 
And  therefore  tlie  LXX  translates  ** Hebrew**  in  Gen.  14:13,  by 
o  jre/xinyc,  tlie  immigrant  or  emigrant 

The  Biblical  usage  of  the  word  seems  to  be  restricted  to  cases  when 
foreigners  were  speaking  of  the  Israelites,  Gen.  89  :  14,  17,  &c.;  or  when 
Israelites  were  siicaking  of  themselves  to  foreigners,  Gen.  14  :  15,  &c. ;  or 
when  some  opposition  to  foreigners  is  in  question,  Oen.  42  :  83,  &c.  It 
seems,  however,  rather  absurd  to  put  the  word  with  this  meaning  into  the 
mouth  of  the  Hebrews  themselves.  One  can  very  well  imagine  Uiem  call- 
ing surrounding  extra-limital  tribes  "outsiders,**  "people  over  there;** 
but  to  imagine  them  accepting  such  a  title  as  their  own,  contravenes  rll 
that  we  know  of  their  proud  and  exclusive  estimate  of  themselves,  unless 
these  sentiments  be  considered  a  product  of  later  times. 

The  difficulty  is  enhanced  by  the  fact  that,  whereas  in  Gen.  50  :  10, 11 ; 
Deut.  1  : 1, 6  ;  8  :  8,  20,  25 ;  4  :  41«  46,  47 ;  Josh.  1  :  14, 15  ;  2  :  10  ;  0  :  10  ; 

*The  pronunotatton  of  the  word  by  the  Masorltes,  after  the  time  of  Christ. 
*IVRIM,  Is  of  uo  Importance,  except  as  indicating  the  probable  guttural  aspira- 
tion of  the  y,  by  which  the  Greeks  were  lead  into  writing  the  word  ^E^paun^ 
Hebraioi. 

fThls  root  Is  widely  distributed,  as  in  the  english  over,  (merman  «brr,  latin 
«u|v«  greek  *  u6ri«  (pride),  upper ^  and  to  pour,  ouipourit^g  (overflowing  or  passing 
bounds). 
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12  : 1 ;  13  :  8,  32 ;  14  :  3  ;  17  :  5 ;  20  : 8  ;  22  :  4 ;  Judg.  5  :  17  and  Isai.  8  : 
23,  the  root  '^^^  beyond  is  applied  to  the  Gilead  and  Bashan  (east)  side  of  the 
Jordan,  it  is  applied  in  Josh.  5  : 1 ;  9  : 1 ;  12  : 7  and  1  Chron.  26  :  30  in 
directly  the  opposite  way,  to  the  Ephraim  and  Judah  (west)  side  of  tbe 
Jordan.* 

The  only  plausible  explanation  comes  from  the  &ct  that  the  tribes 
settled  to  the  east  and  to  the  west  of  the  Jordan  spoke  of  each  other  as 
heyonders;  and  the  song  of  Deborah  shows  in  how  bitter  a  spirit  the 
epithet  could  be  employed  ;  while  the  address  of  Jepthah  (the  Gfleadite) 
seems  to  ignore  the  tribes  on  the  west  side  altogether,  as  if  they  were  not 
Israelites. 

If  the  theory  be  tenable  that  the  AbrahamidsB  or  Terahites  migrated 
towards  Palestine  not  from  the  direction  of  Kurdistan  and  Assyria,  bat 
from  Babylonia,  by  way  of  Yemen,  up  the  east  coast  of  the  Red  Sea, 
through  Midian,  into  Edom  and  Moab,  long  before  the  Exodus,  it  follows 
that  they  would  be  recognized  by  the  Horites  or  troglydites  (-Siw,  a  care) 
of  Petrsea,  as  ** foreigners"  (Hebrews),  and  might  possibly  be  compelled 
by  circumstances  to  accept  the  epithet. 

If  part  of  this  migration  was  represented  by  the  Kenites,  and  if  Moses  him- 
self was  the  sonf  of  the  Kenite  Scheik  Jethro:|:  and  was  sent  by  him  to 
bring  another  enslaved  part  of  the  migration,  back,  over  the  desert,  to  their 
comfortable  settlements  in  Petraa, — then  it  becomes  probable  that  the  name 
"Hebrews**  is  merely  a  patronymic  for  Beni  Heber,  the  descendants  of 
Heber  the  (original)  Kenite. 

Gesenius  long  ago  wrote :  **  Heber,  the  founder  of  the  Hebrew  race.  Gen. 
10  :  24,  25  ;  11  :  14,  15,"  and  referred  to  the  expression  Beni  Heber  inQen. 
10  :  21,  and  the  poetical  expression  Heber  (Hebrews)  in  Num.  24  :  24. 

The  LXX  spells  Heber,  'EiSep^  and  'E^ep,  He  was  son  of  Salah  and 
father  of  Pel  eg  (the  Philistines).  The  Jews  have  always  considered  him 
their  national  patronym.  The  Heber  of  Judges  4  :  11,  17 ;  5  :  24,  is 
spelled  diflerently,  1371,  LXX  ^a/^ep,  Ghaber,  and  he  must  have  lived  a 
century  or  two  after  Moses ;  for  he  was  a  descendant  of  Hobab,  son  of 
Jethro  and  brother-in-law  of  Moses.  Many  changes  had  occurred.  The 
Kenites  were  amalgamated  with  the  other  Hebrew  tribes;  and  this  wealthy 
sheik,  Heber,  who  had  married  Jael,  lived  in  the  extreme  north  of  Pales- 
tine, and  was  a  friend  of  the  King  of  Damascus.  The  rough  spelling  of 
his  name  suggests  a  northern  patois. 

In  the  word  Eph/raim,  XYiQUy  we  may  have  merely  another  dialectic  spell- 
ing of  the  word  Ebraim  (Hebrews.)  It  is  written  in  our  Hebrew  texts 
ansK,  APRIM,  and  is  a  sufficiently  precise  reproduction  of  the  APURU 
of  the  papyri.  As  the  latins  nasalized  their  final  M,  and  ignored  it  in  scan- 
ning, so  the  Hebrew  plural  final  im  would  disappear  in  Egyptian,  and  be 
replaced  by  the  regular  Egyptian  plural  termination  u. 

*  Beyond  the  Arnon,  beyond  the  sea,  and  beyond  the  river  (Euphrates?)  are  also 
expressions  in  use. 
t  Son-in-law. 
J  The  same  as,  or  the  son  of  Raguel,  "  friend  of  God." 
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If  Egyptologlata  bo  now  inclined  to  rojoct  tho  APURlT=OBRIM  (He- 
brow)  theory,  they  ciin  hardly  liavo  reason*  to  reject  an  APURU=APRIM 
(Bphraim)  theory,  if  it  wore  suggested;  and  the  object  of  these  notes  is  to 
suggest  it,  with  the  grounds  for  its  consideration ;  not«  however,  on  the 
side  of  Egyptian  philology,  but  on  the  side  of  Hebrew  history. 

A  recent  anonymous  work  on  **The  Hebrew  Migration  ftom  Egypt** 
(London,  1870),  draws  attention  to  the  fact  that  the  a(HX>unt  of  tlie  Exodus 
collates  two  distinct  stories  (torn  difterent  sources,  in  one  of  which  the  term 
Isrtu^litf^  only,  and  in  the  other  the  term  //e'6r<*fr«  only,  is  applied  to  tho 
emigrating  people;  and  that  one  of  these  stories  speaks  also  of  a  *' mixed 
multitude  "  forming  a  seimrate  i>art  of  the  omignUion.* 

Jacob  represents  tho  Hebrew  race  in  tho  tn\ditions  of  Judah  and  tho 
south  ;  Joseph  represents  tho  Hebrew  race  in  Egypt ;  Ephraim  in  the  liis- 
tory  of  tho  northern  division;  and  Reuben  in  that  of  the  tmnsjordanic  prtw- 
inces.  Tho  distinction  between  the  Jit^ni-juduh  wid  Ihni-i»t'ad  porvadoa 
Palestinian  literature  fVom  llrst  to  last.  It  )s  plain  to  see  that  some  stiriml 
barrier  divided  tlie  northern  fttjm  the  southern  viart«  of  the  (H)untry,  and 
that  they  were  never  united  except  during  the  short  dyn»\sty  of  David  and 
Solomon.  Judah  wiis  not  Israel,  and  never  had  been.  Ephmini  alone  wmis 
Israel.  **To  your  tents  Oh,  Israel ;  what  part  have  we  in  David  .  .  . 
so  Israel  dei>arted  unto  their  tents.  But  over  the  Jkni-hirarL  who  lived  in 
the  cities  of  Juddh,  ReholK>am  continued  to  reign.**  His  own  people  were 
not  Beni-israel,  but  '*ffu>n  of  Judah.'* 

If  the  childixni  of  Israel  then  were  Ilobrows  and  not  Jews,  and  if 
Ephnvim  wi\s  pnvctlcally  Israel, t  the  exclusive  and  specltlc  ujie  of  tho  term 
Jlvbr*'trH  in  tho  story  of  tho  Exotlus  pn\ctlcAlly  confines  the  history  of  tlio 
exodus  to  tho  Ikni-Josepfi,  tho  desceudiuit^  of  Ephraim  and  Manassah. 

But  tho  name  MatMHmh  is  not  a  Hebrew  but  an  Egyptian  woixl ;  while 
tho  name  Kphraim  is  pivr  excellence  a  Hebrew  wonl.  There  is  a  slitmg 
prolmbility  then  that  whilo  Ephraim  meant  the  Hebrew  division  of  the 
emigration,  Manassah  meant  the  "mixed  multitude/*  imrtly  Egyptian  and 
imrtly  perhaps  Kenite,  Midianite,  or  what  not. 

Tho  word  .}fanasiiah  reappears  in  Hebrew  history,  after  the  lapse  of  500 
years,  as  the  name  of  a  king  of  Judah  (not  of  Israel)  ;  and  evidently  not  as 
a  survival  of  what  had  been  a  common  pei*8onal  or  family  name,  but  as  »n 
Egyptian  name  ;  for,  it  comes  to  view  in  comimny  with  other  Egyptian 
names,  and  in  consequence  of  the  alUmice  of  Solomon  with  a  reigning 
Phan\oh,  whose  daughter  he  made  his  queen,  or  first  lady  of  the  harem. 
His  other  wives  were  prineesvses  of  surrounding  Shemitic  tribes.  Their 
children  were  baptized  with  Shemilic  names  ;  but  fwr  children  probably 
received  Egyptian  names. 

*A  short  reHum^  of  tho  whole  book  Is  given  In  the  15th  or  last  chaptor.  What- 
ever tho  author  mlffht  think  of  the  iiUK|{08tod  oonnootlon  of  Jlvbmim  aud 
JCphraim^  otuinot  bo  8uld,    it  certainly  nta  tnto  hts  exotfOsU. 

fTherost  of  the  tribes  (cxoopt  Levi)  play  a  curlouNly  subortltnnto  r61e  In  the 
wholo  Htory ;  aro  dropped  out  of  It  early,  and  nro  scarcely  oven  lnoUlcnti\lly 
mentioned  afterwards, 
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After  the  crown  of  Solomon  had  descended  to  the  Shemile  Retefttwn 
(whose  mother  was  Naamah  the  Ammonite),  the  Pharaoli  SyhiK*fto<L£ 
(Shishak)  looted  Jemsalem,  in  the  caase  of  his  (Shishak's)  pnil^tt^  Jero- 
boam of  Israel. 

Jeroboam's  wife  Maachah  carried  an  Egyptian  name;  slie  wai3-  cht* 
daughter  of  Abishalom  (&ther  of  peace),  a  Shemhe,  who  had  pvob^bj 
married  an  Egyptian  girl,  perhaps  one  of  those  bred  at  Solomon's  rocEt. 

Abijah,  Jeroboam's  son  and  successor,  had  a  pure  Shemile  mMe.  if  chat 
priestly  Judean  chronicler  (2  Chron.  xiii,  1)  spells  it  ri^tly ;  lor  ill  attfanK 
"My  &ther  Jah."  It  has  a  Tariant,  Abijaha,  meaning  '*whose  frfiker  in 
Jah." 

The  Judean  historian  of  1  Kings  (xv^.  :  1,  &e.)y  alwajrs  spells  it  ^ld<^«ank» 
which  should  mean  in  Hebrew  *'  My  &ther  the  sea  ; "  but  GescnhB  tzajs*- 
lates  it  "  Father  of  the  sea  ;  rir  marUimuM  ;  "  the  sailor. 

Without  the  points  these  two  forms  read  simply  ABIE  (LXX  'c,3!yc  . 
and  ABIM  (LXX  d^wo).  The  first  form  is  anticipated  in  Abiah  ABEEL 
(LXX.  again  ii^id)  one  of  the  sons  of  Samuel  ^  pattr  Jchma,  Hr  diri»f§A,  ^^  y. 
ish  elohim,  Cres.  !) — and  again  in  Abihu,  ABIEUA,  (LXX  d^iz*k>S}  see«Mx«i 
son  of  Aaron.  The  absurd  and  only  (Hebrew)  etymology  sug^esterl  5:r 
this  name  is  "Father  of  him,"  "  to  whom  He  (God)  is  father."  XocMn^ 
can  be  more  forced  and  improbable. 

It  is  very  significant  that,  of  the  four  sons  assigned  to  Aaion«  tiz.,  Xai^ab, 
Abihn,  Eleazer  and  Ithamar,  two  of  them,  Nadab  and  this  JL9«A«,  w^L-e 
struck  dead  "for  offering  strange  fire,"  that  is,  for  worshiping  JdioTah  ;ac- 
cording  to  some  foreign  rites,  doubtless  Egyptian.!  The  K>n  (HUA)  final 
in  Abihu's  name  is  so  strongly  pronounced  that  it  must  hare  some  ^saal 
significance,  and  it  suggests  the  a;^u  sphynx  god  of  the  horizon.  If  AJb^iah 
be  My  father  Jah,  Ahihua  is  Father  Axu. 

Mou«*  name  is  acknowledged  to  be  pure  Egyptian.  Aaron  9  oame  k« 
as  positively  Egyptian  as  evidence  can  make  it ;  for  ARN  is  the  most 
sacred  name  for  the  ark,  box,  ship  of  Isis,  sarcophagnsy  &c.  And  thoe  i$ 
no  good  reason  to  be  urged  against  an  Egyptian  etymology  of  the  name  of 
Aaron's  tenth  descendent,  the  high  priest  Ahiathar,  ABIThR  (LXX 
^ajiidhap)  finom  the  goddess  Athor,  or  Hathor,  "  the  habitaticm  of  HonK^** 
meaning  tfu  Umple,  or  shrine.  Ahiailuar  would  then  mean  simply  the 
"fiither,"  or  "  guardian  of  the  shrine. 
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•This  Is  a  mere  confession  of  etymological  desperation ;  and  casts  discredit  on 
the  whole  series  of  names  be^nning  with  Ab  and  AbL  One  might  Jost  as  well 
propose  to  derive  the  Hebrew  word  Hjr^K  Abijotah^  **  desire,  appetite,  lost,*' 
also  **  the  berry  of  the  caper  bnsh  "  f  thought  to  be  provocative  of  lost)  from  Abi 
and  Jonah»**  Father  of  Jonah,*'  or  ^  whose  father  is  Jonah.*'  So,  some  have 
asserted  that  Abihud  (I  Ch.8:  3)  mnst  have  meant** whose  lather  is  Jodah;*" 
AhigcM  "whose  fkther  is  joy,"  Abidan  (Num.  1:11).  "fiilher  of  the  jndge," 
although  he  was  himself  a  Jndge ;  Ac  Only  when  a  name  Is  clearly  written  oat 
(like  Abiezer  "^T^T^It,  **  fother  of  help/*  L  e.,  the  beneficent),  can  these  etymolo- 
gies be  considered  probable. 

t  Compare  the  Apis  rebellion  oondacted  by  Aaron,  for  which  he  also  perished. 
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To  return  now  to  the  Kings  of  Judah  ;  Abijah  or  Ab^am  walked  in  all 
the  sins  of  his  fkther,  that  is,  did  not  worship  Johoyah ;  or«  at  least,  wor- 
shiped other  deities  also. 

Asa^  son  and  successor  of  Abl^am,  had  one  of  the  purest  of  Egyptian 
names ;  a  name  borne  by  the  Fourth  Pharaoh  of  the  Fifth  Dynasty,  called 
"  the  good  Assa,**  and  by  the  Eighth  of  the  same  dynasty,  called  simply 
"Assa,**  with  the  forename  Tatkdra.  The  word  meant,  in  Egyptian, 
image  or  statue.  Queen  Hatasou  called  the  temple  she  built  to  Ilathor, 
A8sas8\f. 

It  is  an  odd  but  characteristic  clerical  error  In  1  Kings  xt,  10,  that  the 
scribe  repeats  of  Asa  what  ho  had  before  said  of  his  father,  Abijah,  that 
his  mother  (not  grandmother)  was  Maa^Juih,  daughter  of  Abishalom.  The 
chronicler  (2  Ch.  xi,  20)  says  that  Maachah  was  Ab^ah's  mother,  and 
says  nothing  about  Asa's  mother.  But  he  lots  us  into  the  state  of  Jehovah 
worship  thus  :  Azariah  went  to  meet  Asa  returning  from  a  great  victory 
over  tho  Cushitos.  and  said. . . .  "Jehovah  is  with  you. . , .  Now  for  a  long 
season  Israel  {hath  been)  tpithout  the  true  God,  and  without  a  teaching  priest 

and  without  law.... When  Asa  heard  these  words he  put  away  tho 

abominable  idols  out  of  all  the  land  of  Judah  and  Benjamin and  re- 
newed the  altt\r  of  Jehovah/*  &q.  The  baby  Am  might  well  bear  a  pure 
Egyptian  name. 

JehoBhaphat  was  the  son  and  successor  of  Asa.  Both  he  and  his  mother, 
Azubali  daughter  of  Shilhi,  have  therefore  Hebrew  names ;  and  he  seems 
to  have  followed  his  father's  faith  in  Jehovah,  and  to  have  been  in  fact 
a  zealot,  establishing  a  sort  of  col  portage  system  throughout  the  south 
country,  and  appointing  clerical  Judges  (Shophetira)  everywhere. 

Jehoram,  Jchoshaphat's  son  and  successor,  had  six  brothers ;  and  all 
seven  had  honest  Hebrew  names.  But  Jehoram  slew  his  six  brotliers ; 
married  Ahab's  daughter ;  and  let  loose  idolatry  again  in  Judah.  After 
a  long  and  disastrous  reign  he  is  made  to  die,  like  the  apostate  Julian,  of 
some  horrible  bowel  complaint,  as  a  punishment  for  his  defection  fh>m 
Jehovah,  and  was  refused  burial  in  the  royal  tombs  (an  Egyptian  punish- 
ment). 

Ahanah,  son  of  Jehoram,  reigned  but  one  year,  and  was  murdered  by 
Jehu,  the  usurper  of  Israel.  All  his  family  were  then  destroyed  by  his 
mother,  Athaliah,  except  little  Joash,  who  was  concealed  by  the  high 
priest,  Jehoiada.  in  the  temple  for  seven  years;  and  then  a  revolution 
placed  him  on  the  throne,  which  he  rededicated  to  Jehovah. 

Joash,  is  certainly  Hebrew  for  Theodore^  **God  given.*'  The  name  was 
borne  not  only  by  this  eighth  King  of  Judah,  but  also  by  the  twelfth  King 
of  Israel,  which  secures  its  Semitic  character.  His  mother's  name  was 
Zibiah  of  Beershebah.  After  Jehoiada's  death,  this  king  plunged  into  the 
indulgence  of  all  the  popular  idolatries  ;  and  among  the  violences  which 
occurred  were : — ^the  famous  stoning  of  the  prophet  Zcchariah  ;  the  slaying 
of  Jehoiada's  sons ;  tho  victorious  invasion  of  tho  Syrians ;  and  the  assas- 
sination of  Joash. 
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Amaziah  (a  Hebrew  name)  sacceeded  to  the  throne.  His  mother  was 
Jehoaddan  of  Jerusalem.  He  served  Jehovah ;  defied  Joash  of  Israel ;  was 
defeated  and  ruined,  and  afterwards  assassinated.  His  piety  towards  Jeho- 
vah stood  him  as  little  in  stead  as  did  his  descendant's,  Josiah. 

Azariah  ( Uzziah),  his  son,  had  a  long,  pious  and  prosperous  reign  of 
flfty-two  years.  Jecholiah  of  Jerusalem  was  his  mother.  He  became  a 
leper,  and  his  son  Jotham  acted  as  regent. 

Joth(mC%  mother  was  Jerusha,  daughter  of  Zadok  (a  priestly  name), 
and  he  worshiped  Jehovah,  like  his  father.  One  would  not  expect  any- 
thing  non -Semitic  in  his  name,  OOV  (lOThM),  and  it  is  probably  rightly 
translated  "Jehovah  (is)  upright;"  but  it  is  constracted  precisely  on  the 
Egyptian  plan  in  all  those  cartouches  containing  nefer  and  tat.  It  is  an 
ancient  name  also,  for  it  occurs  in  the  history  of  the  times  of  the  Judges 
(9:  5)  as  the  name  of  a  son  of  Gideon  (LXX  ^eJsoiv,  tT;?^J»  perhaps  **  tree- 
cutter,"  or  impetuous  warrior.     Ges.). 

AkaZy  his  son,  succeeded,  and  sent  for  Tiglath  Pilezar  to  come  and  carry 
off  the  Beni-Isr(iel.  He  sacrificed  his  own  son  to  Moloch ;  and  one  is  sorry 
not  to  find  his  mother's  name  recorded,  for  she  was  probably  a  foreigner, 
and  gave  him  his  name. 

The  curious  thing  about  this  word  rnK,  LXX  ^aya^  (Joseplius  ^a/a^r^i;) 
in  this  case  is,  that  it  stands  alone,  pure  and  simple  ;  whereas  in  the  cases 
of  ATiazi&h  the  sixth  King  of  Judah,  his  direct  ancestor,  and  Ahaziah 
the  seventh  King  of  Israel,  the  word  is  joined  to  the  name  of  Jah,  "  whom 
Jehovah  sustains,"  exactly  equivalent  in  sense  to  the  Pharaonic  Ba-tat-ka, 
16th  cartouche  on  the  2d  tablet  of  Abydos,  Sol  sustains  life ;  and  Ra-tat-f, 
32d  cartouche  on  the  same,  Sol  his  sustainer. 

Ahaz  would  represent  the  tat  standing  alone  in  the  cartouche. 

It  is  very  remarkable  to  find  Asa  and  Ahaziah  connected  in  Judah,  and 
Assa  the  Pharaoh  of  Egypt  with  the  surname  of  Tatkara. 

Ahaz  reigned  sixteen  years,  and  seems  to  have  been  an  exceedingly 
heathenish  prince,  respecting  neither  Jehovah,  the  priesthood,  nor  the 
prophetic  schools.  He  closed  the  temple  of  Solomon.  No  wonder  he 
dropped  the  Jah  from  the  name  which  he  inherited  from  his  ancestor 
Ahazjah  five  generations  back.  Under  his  auspices  the  Phynicean  Baal 
and  Astarte-worship  flourished,  as  it  did  at  that  time  in  the  Delta  of  Egypt. 

His  politics,  however,  were  not  Egyptian.  He  called  in  to  his  aid,  not 
the  power  of  Egypt,  but  the  army  of  Pul,  King  of  Assyria,  and  became 
his  vassal.  In  consequence,  Pul's  successor,  Tilgath  Pilezar,  added  Gilead 
and  Galilee  to  his  empire,  wiping  out  the  true  Children  of  Israel  from  the 
Promised  Laud.  The  hoarded  wealth  of  Judah  was  the  price  paid  for  a 
merely  nominal  security  against  the  same  fate.  From  this  date  of  Ahaz's 
reign  in  Judah  we  hear  no  more  of  Ephraim  ;  the  lands  of  which  were  now 
crowded  with  forced  colonists  from  Mesopotamia,  bringing  their  languages 
and  religions  with  them,  and  mixing  these  up  with  the  Hebrew  language 
and  the  worship  of  Jehovah. 

Uezekiah  followed  Ahaz  on  the  throne  of  Judah,  and  reigned  twenty 
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nine  years.  His  mother,  Abl  (my  father)^  was  evidently  a  Jewess,  the 
daughter  of  a  Jew,  Zakariali.  She  gave  her  son  a  genuine  Hebrew  name, 
HZQ-IB,TI'D?n,  **tho  strength  of  Jehovah  ;**  for  she  was  a  zealous  wor- 
shiper of  tlie  true  faith,  and  reared  her  son  in  its  rigid  observance.  The 
verb  prn  (hazk)  means  to  bind,  hold  fast,  adhere,  cleave  to,  make  firm, 
strengthen  and  be  stnmg.  In  this  secondary  sense  it  agrees  with  the 
Egyptian  Tat^  and  illustrates  the  construction  of  such  royal  names.  But 
it  can  have  no  direct  connection  with  Egypt ;  for  it  is  amply  explained  by 
ths  Hebrew  primary  sense  of  the  word  as  used  in  speaking  of  fortifying  a 
city,  &c. 

His  name  characterized  the  prince.  He  was  the  great  reformer  of  Israel. 
He,  in  flict,  created  the  Jehovah  cultus  in  Judoea  ;  he  cleansed  the  temple  ; 
restored  the  service ;  destroyed  idol  worship  out  of  the  land  ;  and  was  car- 
ried by  his  iconoclast  zeal  so  far  as  to  break  to  pieces  and  cast  away  beyond 
redemption  the  brazen  serpent  of  Moses,  preserved  for  centuries  as  a 
divinely  precious  relic  and  evidence  of  the  exodus  in  the  temple  of  Solo- 
mon. His  sacrifices  to  Jehovah  were  on  the  most  magniflceut  scale  ;  and 
his  restoration  (if  we  may  not  call  it  his  invcfition)  of  the  great  festivals 
made  the  whole  people  zealous  for  the  law. 

The  Passover  now  first  became  national ;  and  by  the  total  destruction  of 
all  high  places,  Jerusalem  became  at  last  the  only  centre  of  convocation, 
and  Mt.  Moriah  the  only  place  of  worship  in  the  land. 

He  then  reconquered  the  lost  provinces  of  David's  kingdom  fh)m  the 
Philistines,  and  contracted  an  alliance  with  Egypt  against  Sennacherib, 
Emperor  of  Assyria.  But  he  had  to  buy  off  the  latter  with  all  his  spare 
treasures.  By  some  unexplained  accident  Sennacherib's  army  was  de- 
stroyed and  Judah  saved.  On  this  being  known,  Ilezekiah  received  a  con- 
gratulatory embassy  fVom  his  fellow-sufferer,  Merodach  Baladan,  King  of 
Babylon. 

On  the  occasion  of  his  hospitable  and  rather  ostentatious  reception  of 
this  embassy,  the  prophet  Isaiah  was  greatly  scandalized;  so,  at  least,  long 
subsequent  chroniclers  report. 

The  rest  of  his  life  was  peaceful,  and  Judah  became  again  prosperous.  A 
reservoir  was  constructed  west  of  the  city,  and  conduits  for  a  larger  and 
more  regular  water  supply  added. 

Afan-a^seh  followed  his  father  Hezekiah. 

This  pure  Egyptian  name  follows  immediately  a  pure  Hebrew  name  ; 
and,  Idolatry  follows  immediately  the  most  zealous  Jehovahism.  How  is 
this  to  be  accounted  for  1 

Manasseh's  mother's  name  was  Iltphzibah,  nS'Sffln,  Mif  (kUg?it  i«  in  ?ier. 
This  is  the  poetical  name  given  by  tlie  Second  Isaiah  (Gd  :  4)  to  Ziotu  and 
explains  its  own  meaning.  It  may  have  been  a  term  in  popular  use,  taken 
fVom  the  young  and  beautifdl  queen  of  the  pious  King  Hezekiah  and 
applied  to  Jerusalem.  Or,  rice  rvrsa,  Ilezekiah  may  have  endowed  his 
wife  with  this  pet  name  in  reference  to  his  own  delight  in  Jehovah's  de- 
light in  his  (Hezekiah's)  temper  and  work.    But  in  any  case  Hephzibah 
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must  have  disappointed  her  husband's  pious  expectation  ;  for,  her  son  Ma- 
nasseh  was  a  Jehovah  hater ;  reversed  all  his  father's  arrangements ;  re- 
established idolatry ;  erected  altars  to  the  solar  and  lunar  deities  in  the 
courts  of  the  Temple ;  degraded  the  priesthood,  and  slew  the  prophets. 

Hezekiah's  policy  had  been  to  ally  himself  with  Egypt  against  Syria.  It 
was  unsuccessful,  and  he  was  saved  by  a  mysterious  disaster  to  the  Assyrian 
host  while  it  lay  encamped  in  &ce  of  an  Egyptian  army. 

Hezekiah's  alliance  with  Egypt  was  no  doubt  permanent. 

Did  he  marry  an  Egyptian  princess  ? 

This  is  not  said  ;  but  neither  is  Hephzibah's  parentage  given.  The  name 
Hephzi-bah  is  suspicious.  It  is  capable  indeed  of  a  plain  Hebrew  ety- 
mology ;  but  the  main  element  in  it  Hapz,  fa/tar,  delight,  is  an  exact 
translation  of  the  mo8t  common  element  in  all  the  Egyptian  royal  and 
princely  names,  Aferi,  beloved.  The  great  Ramses  was  sumamed  Meri-n- 
Ra,  beloved  of  the  Sun,  or  the  8un*s  delight,  which  would  be  translated  into 
Hebrew  IIepfizi'8?ieme8h.*  And  a  hundred  other  royal  Egyptian  names  and 
surnames  are  constructed  by  composition  with  this  same  elemental  Meri, 
applied  to  various  other  deities,  like  Meri-n-Ptah,  Ptal's  delight ;  Meri-n- 
hathor,  Hathor's  delight,  &c.f  It  would  be  even  possible  that  Hephtzibah, 
HP2I-BE  may  mean  Be'%  delight;  were  any  deity  known  named  BE. 

*  The  36tb  King  of  the  2d  Tablet  Abydos  is  Ra-meri,  Sun's  delight, 

t  When  Alexander's  conquest  grecised  the  Egyptian  court  language,  the  Greek 

(ptXo^  took  the  place  of  this  meri  in  official  titles,  and  in  comparative  philology 
is  its  phonetic  equivalent. 

The  first  Ptolemy  Lagidos  was  called  Soter,  "the  preserver,"  by  the  Rhodlans, 
grateful  for  his  assistance  against  Demetrius. 

His  son,  born  in  Memphis,  educated  by  men  of  Egyptian  learning,  builder  of 
Arslnoe  and  Berenice,  completer  of  the  great  canal,  constructer  of  the  great  high 
road  across  the  Thebaid,  founder  of  the  Ethiopian  colonial  entrep6ts,  and  re- 
storer of  Egypt  to  its  ancient  glory,  was  glorified  by  the  natives  as  their  great 
patron  of  the  ancient  learning.  His  library  possessed  400.000  rolls.  Callimachus, 
Euclid,  Arlstarchus,  Aratus,  Theocritus,  Apelles,  Manetho  illustrated  his  court, 
compiled  history,  taught  science  and  translated  the  Hebrew  Bible. 

The  Egyptians  gave  him  or  he  gave  himself  the  surname  PhUadelphus,  to  ex- 
press his  ardent  love  for  Arsinoe,  his  sister  (and  wife).  But  surely  such  a  name 
would  not  have  been  adopted  except  In  a  land,  the  ancient  monarchs  of  which 
had  so  often  compounded  their  surnames,  on  the  same  principle,  with  the 
word  Meri,  **  loving,"  or  "  beloved  of,"— and  usually  some  divinity.  Arsinoe  was 
Ptolemy's  goddess,  as  Hathor  had  been  of  many  an  older  native  Pharaoh. 

Ptolemy  III,  Euergetes,  received  his  surname  from  the  Egyptian  priesthood. 
In  reward  for  bringing  back  to  their  proper  shrines  a  multitude  of  divine  statues 
which  Cambyses  had  carried  off  to  Persia.  He  also  loved  and  married  his  own 
sister  Berenice,  and  revenged  an  affront  to  her  by  conquering  Antiochus  Theos. 
King  of  By ria,  and  then  extended  his  conquests  to  Bactria  and  India.  *'WeU 
done  good  and  faithful  servant,"  cried  the  priests,  **  thou  shalt  henceforth  be 
called  by  the  name  of  the  last  and  greatest  Pharaoh  of  the  most  ancient  days, 
Sne/ra,  Euergetes,  the  beneficent,  the  well  doer,  the  benefactor.  He  also 
patronized  the  ancient  learning.  (See  Lauth's  Manetho ;  and  the  Prisse  papyrus 
I,  Ch.  2.  line,  8.) 

Ptolemy  IV,  Philopater,  could  not  have  been  so  called  (except  In  derision ) 
from  his  filial  piety,  for  he  was  supposed  to  have  poisoned  his  flather.  This 
wretch  who  murdered  his  own  mother,  wife,  sister  and  brother,  was  called  by 
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And  thoro  was  not  only  a  god  Bn^t,  in  the  Egyptian  pantheon,  but 
a  curious  deity  named  bigs,  said  in  one  of  the  texts  to  have  come  fh)m 
Arabia.  This  god  presided  over  women's  toilets,  dress  and  ornaments, 
and  was  the  especial  favorite  of  the  Egyptian  ladies.  The  final  n  in  Heph- 
zibUi's  name  is  well  known  as  the  equivalent  of  the  sibilant  (^a^c^  ^^^>  ^^0 
and  HtpfmbaK  witliout  any  violence  cau  be  read  Ht^p}utibe$.  Her  cgyptian 
idolatry  would  then  be  not  only  pronounced,  but  natural  and  national. 

There  is  no  reason,  then,  for  excluding  solar  and  lunar  proclivities  fVom 
the  characteristics  of  Manasseh's  mother.  Her  son's  practise  would  natur- 
ally revert  to  solar  and  lunar  worship  when  he  ascended  the  throne,  which 
he  did  at  the  early  age  of  six  years  (609  B.  G.)«  For  six  years,  at  least, 
afterwards,  he  would  be  governed  by  the  queen  dowager  and  her  fViends  ; 
and  by  that  time  the  religious  reaction  would  have  actiuired  stability.  It 
is  not  surprising,  tlien,  that  his  diplomatic  policy  went  wholly  on  Egyptian 
principles.  The  alliance  which  his  ftUher  made  with  Egypt  became  still 
closer,  and  the  story  of  the  French  restomtion  in  1815  wi\s  anticipated  by 
the  return  of  thousands  of  Emigres.  These  mon,  all  of  them  devoted  to 
Phcenician  sun  rites,  and  hating  Jahvism,  returned  fh)m  exile  at  Memphis 
and  San,  Tyre  and  Sidon,  hot  with  revengef\il  feelings  against  the  orthmiox 
cultus  of  Judtea,  and  charged  with  the  religious  sentiments  prevalent 
among  the  vtist  Phoenician  ^wpulation  of  the  Delta.  It  is  not  impossible 
that  the  name  AfufUMseh  was  now  dr^t  assumed  by  the  young  king  as  his 
baiiucr  name. 

The  sui>poaition  that  the  name  was  given  him  at  circumcision,  and  that 
it  was  chosen  bectiuse  it  had  been  borne  by  the  eldest  sou  of  Joseph,  and 
was  one  of  the  tribal  names  of  Palestine,  is  improbable,  1 .  Beoiuse  the 
tribes  of  Manasseh  and  Ephmim  wore  hereditary  enemies  of  the  royal 
house  of  Judah,  and  2.  Because  those  two  tribes  had  been  deported  to 
Assyria  before  this  Mantissah  was  l)orn.  It  is  po»itihU>,  indeed,  that  .l#riiuM- 
nfh  was  a  private  name  still  in  common  use  in  the  kingdom  of  Israel ;  but 

the  KRypttans  T^ption^  the  devtl;  and  by  the  Qroeka  OuUua^  on  aooouni  of  hts 
debaucheries,  which  brought  hts  lifB  to  an  end  in  Its  S7th  year.  But  he  paid 
great  publto  honors  to  the  mrmory  of  his  father,  and  may  have  assumed  the 
name  Phllopator,  A/<»r<-n-<</;  as  part  of  the  hypoorlsy. 

Ptolemy  V,  coming  to  the  throne  at  4  years  of  ago,  and  to  the  government  at 
14,  assumed  the  title  Bpiphanes^  the  Illustrious,  equivalent  to  the  name  of  the 
builder  of  the  second  pyramid,  SK(\M*  (ChafTa),  sunlight,  the  shining  one.  He 
then  murdered  the  wise  and  faithful  regent  Arlstomenes  (Who  by  the  way 
carries  MttnM  In  his  name  like  so  many  other  Qroeks),  and  had  to  suppress 
two  Insurrections  against  his  tyranny.  He  hated  his  Syrian  wlfo  Cleopatra  (the 
first),  and  courted  the  Romans,  and  was  finally  poisoned  by  his  ministers. 

Ptolemy  IV,  PMlomeior^  again  revives  In  his  name  the  Meri  of  the  monu- 
ments; but  this  time  the  source  (or  object?)  of  afiectlon  is  not  the  father,  but 
his  mother  Cleopatra,  who  ruled  as  regent  from  his  0th  to  his  14th  year,  and 
therefore  whom  he  hated  cordially.  During  his  captivity  In  Syria,  the  Egyp- 
tians placed  on  the  throne  his  brother- 
Ptolemy  VI,  Kuergotes  II,  ciUled  Kakergetes,  evil  doer,  by  the  Alexandrians, 
and  Physcon,  from  an  umbilical  hernia;  who  after  various  adventures  rule<l  In 
common,  with  his  brother,  under  the  protection  of  the  Romans.  Kbors  has  laid 
the  Hoone  oi  his  story  of  the  Two  Sisters  In  this  double  rolgn. 


M\  UnioUilsh  woiuAu  mHrrUnl  ai  Uu»  tnmrt  of  Jor«H»*lm«. 

,l/,M.Wv*,»A  Ih  ihh»IKhI  In  Uohn^w  with  four  loltoix  nuri'S*  MNSK.  Uwt 
>vUoU»or  this  Ih»  tho  nunlo  in  wlUiii  il  whs  !»|h»IUhI  by  tho  *crilH»»i  of  Ho»o- 
klnirn  oo\irt  whon  iiis  son  >vhh  Ih^hu  in  7lV«^  H.  i\,  is  AsH  um^t^Hain  tut 
wiunhortho  MuHuivtio  imMinnoiution  oftiio  nunu^  in  Uio  thini  I't^nlury  atV^r 
Christ  Hpim^ioiioH  nt  nil  \\w  sound  of  tho  nanu^  tu»  uiu^ixhI  by  Ktnji  Ht)At>^ 
kitOrs  iMurtiors.  All  >vt»  i^in  J^>  by  is  tho  Uivt^k  tbrm  ,l/»4»air«ri^c«  ^t^^*^ 
which  it  was  cast  liy  tht»  UXX  at  Aioxamldu  or  Hoiio|H)li;»  In  \\w  Uilnl  iwr 
fourth  ix»niury  In^foiv  Thrist. 

Jo  wish  iH>ionio*  wort*  osuU»lish<»tl  in  Kjrypt  in  t\w  oiil  H)rt»  of  tho  jm>|>Uot 
Jorv^nUnh.  *tHmt  *VV>  B.  1\  Tiu>  irAUitionnl  |m>nunriAtim\  of  Man«i«i!koh'$ 
numo  WHS  thon  oniy  a  tH»nt«ry  or  so  otd  ;  two  ("onturio*  mon»  ihhiUI  mU 
huvo  ossontially  uitortnl  lt»  If  tho  Ut>brt»w  sjH>Hlnit»  mn*ic»  wort*  m|>aWo  of 
u  SlionUilo  oNiUnnaiiou,  whioh  it  is  m>t,  wo  ntljrhl  supinvso  \\w  ,l/»i>#«»jtv^a  of 
Iho  UXX  to  Ih>  u  mtMlitioHiion  of  it  \uubT  K^rvptlun  litomry  intUiemH\  But 
it  is  quito  Hs  HiiowHbio  to  snp|Hv^o  thtU  ttio  A  in  MN(  AJSli  or  ttio  A  m\k\  S 
in  MNl  AS)SK.  pivsorvtnl  by  tlio  Jowish  srdlH^s  at  AioMUuirit^  wort^U^st  by 
tlio  soritH>s  nt  Tllu^rias  or  B«ibyion»* 

Tlio  olyniolojjx-  of  ,l/,ri,iMrA,  son  of  Joso|\h  **wtio  makos  ft>rjitH  **  KWwu 
A'ti«/»if  lo  tbr,^^'t«  is  aKsuriL    It  is  givon  in  Oon«  41  :  5t  thus  :  *'A)u\  Ja^^i^b 

tluMutt  lUono  \\p  marrloti  hU  sUtor  (w)m  hmt  tvoon  hts  br\>lhor's  w)fV>  a^i«o>«an^t 
n\uiHh»ri>»t  h«»r  son  In  homrms  on  thoir  wtnUllntf  ittt>\  AflorwuiMs  ho  *Uvoi\HHt 
hor  Miul  nmrrhnl  nnoihor  rhn^mtm,  hor  ttnutfhtor  hy  hU  brt^tnor«  \\\*  ornottlr^ 
«lrt»vo  tho  AI«>\ioutrl<«ns  Into  wU  ottior  otuuurlom  whtthor  thoy  oarrloU  tho  MrtA 
hmnilnii  mut  rt»h|tUm  of  Kayi^U  llo  Artorvrto\U  nuii>lor«Hl  ht«  owns^mi  waA 
bAnltthoU;  rostoi^nt ;  rt^lguoU  hm« ;  was  a  itriMt  |Viitr\>n  of  UH(or««  and  OAtto^l  hjr 
somo  thi»  IM)tUv|a«Ut« 

IHtUono'  Vltlt  8utor  It^  was  tmmottlHtoly  ftx|>ollo<l  by  hts  molhor  and  booamo 
kliitf  of  ry|>ru<u  AftorwurUs  rosturoiU  but  not  <«oknuwbHl«tHl  In  tho  Tht^bahl^  h^ 
n^liUMMt  U^o  itrotU  olty  orThob«>s  nrtor  a  slo)to  oflhn^  ytno^  to  Us  vrosoni  rutn«\l 
oon^lUloUs    llo  WHS  tnillotl  L*tlK|ti*^^^^  ''a  votoh/'  frt^in  a  wtiri  on  his  nos«« 

AloxAUttor  IMolomy  t«  nomtoin^a  his  mothor  muU  was  assHsslnato^U 

Alt>\Mn^t««r  lUoiomy  It  wt%sMlson«i«A»»hmlo«U 

Aloxmulor  IHolono*  lU  was  l»AuUUo\t»  tuiit  dUd  at  Tyn»»  toavint  hia  klni^toiu 
to  tht>  Uomuns^ 

IHoUniy  XU»  AnMtoi,  tho  ttnto  |>lttyor,  roiH»lv«Ht  tho  nn^nos;  t*Mh%$HfhAt^  ^(t«t« 
(M|»Am4,  ,Vr«HlMt**.«stN4r  ((V«irls«  th9  now  ItnwhusK  llv  numtortnl  b^^  Alostandrluo 
uoblos,  itt^l  to  Uumo«  Iny  tH»no«mlo«t  Mt  Ki^liosus*  mwX  wtis  rtt^itui^Hl  lo  >H>wor  by 
DMhInlus,  muixloiW  hU  tl«incht<^r  tloiS>ulo<»«  and  diod  loavlntf  oiMors  mat  his 
ohhv^t  son  and  oUlost  tlnuithtor  should  nmrry  m\\\  rol^in  tistothor,  lN>m|»«'y  boU^t 
thoir  tfUAAllan,    Ills  ^uo«*n  was  tho  lost  iH>t»brato«t  lMoo|mtm« 

*8ui>l>o*lntf  th«»  ^Kuyplhm  MN  ASHA)  naJino  to  bo  >%rosonto*t  t^\t  writing  to  «k 
Jow  soiiho*  ho  wouUI  Imvo  s|h'Uo«I  It  MNSA— Ma.NttJ**A,  and  o^»nsldo»vU  U\^ 
du))UoatUm  of  tht^  H  unusuut  »uU  unno\H««Mmry. 

Tho  niol  thttt  ,W«iH»i*«i?A  isou  or  J«vi««|«h)  Is  »|\olt  In  Uobrow  (iJon*  41  j  &U  MNHK 
tiko  Vtmit»xt^^  (tho  trilml  namo«Jlo«thv  UH.'Jt^^  17  ^  >^)  Is  of  no  nuonont^  bo\Hius^ 
whoiwor  tho  nnmo  wAsf\ouul,  Us  s)H>IUntfs  wouUt  ho  nmdo  to  niiroo*  That  It 
suttv^rtHl  ohanyos  In  Iho  o^mrso  of  oonturh's  Is  romlortH)  inn^hahlo  hy  tho  t^M^m 
M  NMi  In  l>out,  4 ;  <Jl,  »*  And  Uolan  of  UastiMi  of  tho  ManassUos,''  ^tJ^wS  Jttroa  **  tw 
Ua^han  to  Minash<4/' 
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on  this  supposition  it  would  become  necessary  to  consider  Hephzibah  as 
an  Israelitish  woman  married  at  the  court  of  Jerusalem. 

Maammh  is  spelled  in  Hebrew  with  four  letters,  7Wy3,  MNSE.  But 
whether  this  be  the  mode  in  which  it  was  spelled  by  the  scribes  of  Heze- 
kiah's  court  when  his  son  was  born,  in  705  B.  C,  is  as  uucertain  as 
whether  the  Masoretic  pronunciation  of  the  name  in  the  third  century  after 
Christ  approaches  at  all  the  sound  of  the  name  as  uttered  by  Sang  Heze- 
kiah's  courtiers.  All  we  can  go  by  is  the  Greek  form  Mavatrtr^^^  into 
which  it  was  cast  by  the  LXX  at  Alexandria  or  Heliopolis  in  the  third  or 
fourth  century  before  Christ. 

Jewish  colonies  were  established  in  Egypt  in  the  old  age  of  the  prophet 
Jeremiah,  about  550  B.  C.  The  traditional  pronunciation  of  Manaaseh's 
name  was  then  only  a  century  or  so  old  ;  two  centuries  more  coald  not 
have  essentially  altered  it.  If  the  Hebrew  spelling,  mnse,  were  capable  of 
a  Shemitic  explanation,  which  it  is  not,  we  might  suppose  the  Maiuisses  of 
the  LXX  to  be  a  modification  of  it  under  Egyptian  literary  influence.  But 
it  is  quite  ivs  allowable  to  suppose  that  the  A  in  MN[A]SE.  or  the  A  and  S 
in  MN[A8]SE,  preserved  by  the  Jewish  scribes  at  Alexandria,'  were  lost  \iy 
the  scribes  at  Tiberias  or  Babylon.* 

The  etymology  of  Manasseh,  son  of  Joseph  "who  makes  forget "  from 
Naslia  to  forget,  is  absurd.    It  is  given  in  Gen.  41  :  51  thus  :  "And  Joseph 

Rallngr  alone  he  married  hlR  sister  (who  had  heen  bis  brother's  wife  also),  and 
murdered  her  son  in  her  arms  on  their  wedding  day.  Afterwards  he  divorced 
her  and  married  another  Cleopatra,  her  daughter  by  his  brother.  His  cruelties 
drove  the  Alexandrians  into  all  other  countries,  whither  they  carried  the  arts, 
learning  and  religion  of  Egypt.  He  afterwards  murdered  his  own  son;  was 
banished;  restored;  reigned  long ;  was  a  great  patron  of  letters,  and  called  by- 
some  the  Philologist. 

Ptolemy  VIII,  Soter  II,  was  immediately  expelled  by  his  mother  and  became 
king  of  Cyprus.  Afterwards  restored,  but  not  acknowledged  in  the  Thebaid,  he 
reduced  the  great  city  of  Thebes  after  a  siege  of  three  years  to  its  present  rained 
condition.    He  was  called  Lathyrus,  "  a  vetch,"  from  a  wart  on  his  nose. 

Alexander  Ptolemy  I,  murdered  his  mother  and  was  assassinated. 

Alexander  Ptolemy  II  was  also  assassinated. 

Alexander  Ptolemy  III  was  banished,  and  died  at  Tyre,  leaving  hte  kingdom 
to  the  Romans. 

Ptolemy  XII,  Avletes^  the  flute  player,  received  the  names :  Philopator,  JPhila- 
delphua,  Neodionj/tnts  (Osiris,  the  new  Bacchus).  He  murdered  100  Alexandrine 
nobles,  fled  to  Rome,  lay  concealed  at  Ephesus,  and  was  restored  to  power  by 
Oablnius,  murdered  his  daughter  Bei^enice,  and  died  leaving  orders  that  bia 
eldest  son  and  eldest  daughter  should  marry  and  reign  together,  Pompey  beln^ 
their  guardian.    His  queen  was  the  last  celebrated  Cleopatra. 

*  Supposing  the  (Egyptian  MN-ASSA)  name  to  be  presented  for  writing  to  a 
Jew  scribe,  he  would  have  spelled  it  MNSA=MaNaS-A,  and  considered  the 
duplication  of  the  S  unusual  and  unnecessary. 

The  fact  that  Manasseh  (son  of  Joseph)  is  spelt  in  Hebrew  (Gen.  41 :  51)  MNS£ 
like  Manasseh  (the  tribal  name,  Josh.  13  :  29 ;  17  :  8)  is  of  no  moment,  because 
wherever  the  name  was  found,  its  spellings  would  be  made  to  agree.  That  it 
suffered  changes  in  the  course  of  centuries  is  rendered  probable  by  the  form 
MNBI  ill  Deut.4  :  43,  '*  And  Golan  of  Bashan  of  the  Manassites,"  ^moh  \Vf21 "  iu 
Bushan  to  Minash-i." 
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called  the  name  of  his  first  born  Manassch ;  for  Qod  hath  made  mo  forget 
all  my  toil  and  all  my  father's  house.  And  the  name  of  the  second  called 
he  Ephraim :  for  God  hath  caused  me  to  be  fruitflil  in  the  land  of  my 
affliction."  The  Hebrew  Scriptures  are  f\ill  of  such  punning  etymologies 
of  later  times  when  true  meanings  of  the  old  names  had  been  lost,  and 
new  meanings  had  to  be  invented  and  corroborated  by  fictitious  anec- 
dotes,* 

The  fiction  is  particularly  unfortunate  in  this  instance,  since  the  legend- 
ary name  of  Joseph's  wife  and  Manassah's  mother  is  Asenath,  AS -NUT 
"image  of  the  goddess  Naut,"  a  perfectly  well  known  Egyptian  compound. 
And  the  legendary  name  of  her  child  Mann&9a,  "Image  of  Menes,  agrees 
strictly  with  her  own."  One  of  the  elements  in  the  compound  being  the 
same  in  botli  names;  and  the  demigod  first  Phanvoh  Menes  being  sub- 
stituted in  the  name  of  the  boy,  for  the  divine  Neith  in  the  name  of  the 
mother. 

The  name  of  the  founder  of  Egypt  is  written  MNA,  and  the  etymology 
claimed  for  it  is  got  from  the  verb  man  or  men  in  its  meaning  of  stahility, 
preserved  in  the  Latin  manere,  to  remain.  The  word  AS  is  used  monu- 
mentally for  throne  and  statue^  and  for  prince.  Both  throne  and  statue 
represent  royalty.  A^fan-Anm  would  then  mean  "firmly  established 
royal  power." 

Whether  tliis  was  really  the  sense  ascribed  to  the  name,  or  whether  it 
was  understood  in  some  other  sense  less  abstract,  matters  not.  Tlie  only 
point  I  wish  to  illustrate  is  the  pure  Egyptian  quality  of  the  name  of  this 
King  of  Judah,  so  closc^ly  allied  both  in  liis  politics  and  in  his  rellgicm, 
with  the  Egypt  of  his  day.  Ills  alliance  however  availed  him  little. 
Egypt  was  always  a  brolcen  reed  to  lean  on.  Esarhaddon  came  and 
Manossah  was  carried  away  captive  to  Babylon,  where  he  probably 
perished;!  although  the  priestly  tmditlon  is  that  he  repented,  was  re- 
stored to  his  throne,  and  became  a  pious  Jahvist,  dying  in  peace  at  the 

*The  languairo  of  the  hlorofflyphtci  wan  itradually  mivdo  n  "boneftt  of  clcrfry  " 
in  Egypt  ttNolf;  and  It  Is  more  than  iloubtfiil  whether  Herodotus  wns  permitted 
to  get  the  Icnitt  Iniilght  Into  It.  Dtodorus  shows  olenrly  that  In  htsday,  flrHt 
century  U.  C.  it  was  a  iiealod  book  to  the  moHt  curious  of  the  Grookn.  One  of 
the  most  striking  cxainploN  of  thlN  Ignoranco  In  which  even  common  Kgyptlans 
were  kept,  Is  nddurcd  by  Ivrnll  (lii  hit  Maiietho  und  Diodor,  Bite.  d.  K.  AK.  d. 
WlBR.  1880,  p.  215),  HerodotUN  found  on  the  roads  from  Rphesus  to  Phocdm,  and; 
from  Burden  to  Hniyrna,  Egyptian  monuments  which  local  tradition  called 
images  of  Mcmnon,  made  by  Hesostrls,  on  one  of  which  was  an  inscription  in 
hieroglyphics  passing  from  one  shoulder  to  the  other.   lie  gives  the  following 

absurd  interpretation  of  It,  *c^(b  rr^w  tU  rrjy  ^dpav  <tifAot(rt  rdt^  i/Autfrt 
€XT7j(TfifX€v^  "I  have  won  the  country  with  my  shoulders  (arms),"  as  quite 
reliable.  Knowing  nothing  of  the  language,  he  had  the  Inscription  intorprctod 
fbr  him  by  one  of  the  Egyptian  colonists  nt  Lnrtssa  (a  city  not  (Hr  to  the  south- 
east, founded  by  the  Kgytlan  confederates  in  the  army  of  Crwsus),  who, although 
an  Egyptian,  knew  as  little  about  the  hieroglyphic  language  as  Herodotus  him- 
self did. 

t  In  2  Kings  21 :  IS,  nothing  is  said  about  his  repentance,  but  ho  is  buried  in  his 
garden  Ussa. 
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age  of  68  (664  B.  C);  having  reigned  60  yean,  a  longer  reign  than  that  of 
any  other  Hebrew  monarch. 

**Ainon  his  son  reigned  in  his  stead." 

Nothing  more  can  be  asked  in  demonstration  of  the  Egyptian  name  of 
the  royal  father;  the  royal  son  bore  the  most  sacred  of  all  the  divine 
names  of  the  Egyptian  Pantheon,  AMN,  Ammon  Ra.  Consequently  he 
'*  walked  in  all  his  father's  ways  and  served  the  idols  his  father  served,  and 
worshiped  them ;  forsaking  Jehovah,  god  of  his  fathers,  and  walking  not 
in  Jehovah's  ways," — ^but  only  for  two  years ;  for  at  the  age  of  24  his  ser- 
vants slew  him ;  and  the  populace  slew  the  conspirators  and  placed  Josiah 
on  the  throne. 

Josiahy  the  8  year  old  son  of  the  murdered  Amon,  was  a  pious  boy,  and 
a  staunch  Jahvist  King,  no  doubt  through  the  influence  of  his  mother, 
Jedidah,  daughter  of  Adaiah  of  Boscath.  Her  name  nTl\  Idide,  "the 
beloved  one,"  curiously  resembles  in  spirit  that  of  Manassah's  mother, 
Hephzibah. 

Its  resemblance  to  the  pet  name  of  the  little  Solomon,  n'TT,  IdidU, 
"the  beloved  of  Jah,"  is  equally  remarkable,  especially  in  view  of  the 
likeness  which  this  last  bears  to  such  Egyptian  names  as  Meri-n-Baj  Meri- 
n-Amun,  Meri-n-Ptah,  &c. 

The  difference  between  Idide  and  Ididie,  may  indeed  not  have  been  an 
actual  one ;  or,  may  have  resulted  from  the  difference  of  sex.  It  is,  how- 
ever, very  noteworthy  that  the  heathen  Anion's  wife's  name  does  not  seem 
to  have  included  the  Jahvist  element,  any  more  than  did  Hephzibah ;  and 
therefore,  we  are  left  to  conjecture  that  it  was  bestowed  upon  her  by  her 
loving  spouse. 

The  name  of  their  son  Josiah,  LXX  'ea»<T!ac,  in'*ty«\  Jas*ieu,  "whom  Jah 
healed,"  if  this  be  its  correct  etymology  (from  u^jc-'  healed),  refers  directly 
to  Jehovah ;  and  the  wonder  is  that  Amon  should  have  given  such  a  name 
to  his  child.  It  is  quite  possible,  however,  that  the  boy  was  saved  from 
some  serious  infantile  disease  by  a  priest-physician  of  the  native  religion, 
and  that  the  infidel  father  was  superstitious  enough  to  give  the  national 
deity  the  credit  of  the  cure. 

On  the  other  hand,  great  obscurity  hangs  over  the  true  etymology  of 
proper  names  ending  in  U.*  And  if  the  Mosoretic  pronunciation  Joshiahu 
be  accepted,  another  very  disturbing  Egyptian  element  enters  the  name. 

•Some  of  the  Egyptian  names  ending  in  U  seem  to  have  been  considered  (at 
least  by  the  scribes  of  the  XVIII  XIX  Dynasties)  as  plurals,  because  they  re- 
peated the  previous  letter  three  times,  or  followed  it  by  three  strokes  (both 
signs  of  plural);  as  in  the  case  of  Ra-aa-/eper(u)  TIst  on  the  Tablet  Abydos;  Ra- 
men-/eper(u)  72nd;  Hor-men-Ka(u)  31st;  Ra-...Ka(u)  53rd:  Ra-neferKa(u) 
64th ;  Hor-  neferKa(u)  54th  ;  Ra-nub-Ka(u)  61st;  Ra-shB-Ka(u)  63rd. 

Rutin  Ra-nefer-Ka-shu-tu,  45th ;  Ra-nefer-Ka-n-nu,  52nd;  Ra-ma-ma-/er-u, 
65th  (a  very  remarkable  name,  involving  the  symbols  of  Justification,  firom 
which,  as  I  have  elsewhere  shown,  the  Greeks  got  their  fiaxaplo^j  blessed) 
the  final  U  is  a  distinct  literal  element  of  the  name,  or  seems  to  be. 
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It  is  true  the  h  here  is  the  weak  n  and  not  the  strong  n ;  but  that  is  as 
open  to  conjecture  as  all  the  rest.    If  it  were  written  ^n?:^^'  thten  we 

have  a  genitive  followed  by  a^o^  as  in  the  case  of  the  name  of  the  Sphinx 
Hor-m-a;fU.  Or  ^o  alone,  would  suggest  the  name  of  the  Euhemerist 
Pharaoh  ;^y-n-aten.  And  the  number  of  names  in  Egyptian  and  Hebrew 
as  well  as  in  Sanscrit  ending  in  U,  is  very  remarkable,  and  deserves  a 
special  investigation.  It  is  noteworthy  that  the  LXX  'fw«y«  a-?  does  not  ex- 
press the  final  u;  as  if  the  name  as  known  to  them  was  simply  Jas^-Ja'. 
"Jehovah  heals.'*  Again  there  seems  no  good  reason  for  the  transposition 
of  the  elements  of  Josiah  when  compared  with  Joshv/i,  which  is  written 
with  the  )jy  not  after  but  before  the  verb,  and  yet  is  translated  in  exactly 
the  same  way  by  the  etymologists  "whom  Jehovah  saves." 

The  fact  seems  to  be  that  1.  We  .are  quite  ignorant  of  the  genuine 
original  forms  of  such  proper  names  ;  2.  We  are  equally  ignorant  of  the 
correct  meaning  of  their  elements,  even  such  as  they  have  come  to  us  by 
tradition ;  and  3.  No  sound  canon  of  grammatical  interdependence  of 
the  elements  has  been  established  ;  and  that  because  exegetical  etymolo- 
gists have  been  content  to  study  the  names  embodied  in  the  literature  of 
one  people  quite  apart  from  the  names  embodied  in  the  literatures  of  other 
nations. 

It  is  very  doubtful  if  the  name  of  the  hebrew  deity,  Jehovah,  is  at  all 
represented  in  a  multitude  of  proper  names  in  the  Old  Testament  for  the 
interpretation  of  which  it  has  been  taken  for  granted,  merely  on  the 
ground  that  they  were  or  are  supposed  to  have  been  hebrew  names. 

Josiah  is  a  flagrant  instance  of  this  uncertainty. 

The  hebrew  history  of  this  monarch's  reign  is  of  the  highest  importance 
to  the  student  of  that  chronic  war  which  raged  in  Palestine  between  the 
Jehovah  cultus  and  various  other  religious  rites.  His  open,  powerful 
and  persistent  eflPorts  to  fix  the  national  mind  on  one  god,  Jehovah,  is 
described  as  commencing  in  his  30th  year  (the  12th  of  his  reign).  The 
chronicler  says,  that  when  he  was  only  16  years  old,  "while  he  was  yet 
young,  he  began  to  seek  after  the  god  of  his  fathers."  This  would  imply 
that  before  that  he  had  been  an  idolater,  like  those  around  him.  The 
older  historian  says  nothing  of  this,  and  nothing  even  of  the  terrible  raid 
which,  in  his  20th  year,  the  chronicler  reports  him  as  making  upon  the 
high  places  of  Judah  and  Israel.  The  older  historian  passes  over  all  this 
and  commences  his  account  with  what  Josiah  did  in  his  26th  year  (18th 
of  his  reign).  Both  accounts  then  agree  in  telling,  almost  in  the  same 
words,  how  he  sent  Shaphan,  the  scribe,  to  Hilkiah,  the  priest,  to  take 
account  of  the  temple  money  offerings,  and  to  apply  them  to  the  restora- 
tion of  the  dilapidated  edifice. 

Hilkiah  told  Shaphan  that  "he  had  found  the  book  of  the  law  in  the 
house  of  Jehovah."  Shaphan  read  it ;  and  read  it  to  Josiah,  who  rent 
his  clothes  in  dismay  at  its  contents,  and  ordered  Hilkiah,  Ahikam, 
Achbor  and  Shaphan  to  consult  the  oracle,   "to  inquire  of  Jehovah,  for 
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him  and  the  people  and  all  Judah,  concerning  the  words  of  the  book : 
"for  great  is  the  wrath  of  Jehovah  kindled  against  us  ;  because  ourfatJun 
have  not  hearkened  unto  the  words  of  this  book,  to  do  according  to  all 
that  is  written  concerning  us.'* 

Huldah,  the  prophetess,  was  the  pythoness  of  whom  they  sought  the 
oracle.  There  is  no  mention  of  any  oracle  in  the  temple  itself.  There 
seems  to  have  been  no  Shekinah  ;  no  high  priest  privileged  to  ask  of 
Jehovah  himself. 

Huldah  is  thus  described  :  "Huldah,  the  prophetess,  wife  of  Shallum- 
ben-Tikvah-ben-Harhas,*  Keeper  of  the  Wardrobe.  She  dwelt  in  the 
college  in  Jerusalem."  2  E.  22:  14.  This  is  evidently  an  explanatory 
gloss  of  later  date. 

Huldah's  prophecy  of  peace  to  the  King,  and  disaster  to  the  Kingdom, 
then  causes  a  convocation  ;  a  solemn  covenant  between  King,  people 
and  Jehovah  ;  a  complete  cleansing  of  Jerusalem  and  of  the  whole  land ; 
the  utter  destruction  of  all  idols,  and  abolition  of  strange  rites.  The  story 
is  very  elaborate,  and  fully  proves  the  prevalence  of  every  variety  of 
foreign  cultus  previously,  and  the  virtual  invention  of  the  Passover  as 
a  national  festival  at  this  time.  And  it  looks  as  if  the  whole  history  of 
the  Exodus  were  invented  on  this  occasion  for  the  purpose  of  erecting  an 
impregnable  barrier  against  Egyptian  influence  and  ideas. 

However  this  may  be,  the  Egyptian  alliance  was  so  completely  broken 
up,  that  when  the  Pharaoh  Necho  took  the  field  against  Assyria,  Josiah 
intercepted  his  march  at  Megiddo  in  the  north,  and  was  defeated  and 
slain,  in  spite  of  his  pious  zeal  for  Jehovah.  It  was  no  doubt  to  explain 
this  astounding  calamity,  that  the  story  of  Huldah  was  invented  and 
introduced  into  the  annals  of  the  reign,  by  subsequent  historians. 

JeJioahaz,  Josiah' s  son,  bore  the  name  of  a  much  more  ancient  King  of 
Israel,  son  of  Jehu. — It  is  remarkable  that  Jehoahaz  is  said  to  have  had 
another  name,  Shallum,  dSb^,  *'7'etnbution/'  which  was  the  name  of  the 
15th  King  of  Israel,  who  slew  Zechariah,  son  of  Jeroboam  II,  and  thus 
extinguished  the  family  of  Jehu.  It  seems  perfectly  inexplicable  that  the 
fanatical  Jahvist  Josiah  should  have  given  not  merely  one  but  two  accursed 
names  to  his  son  and  heir ;  and  that  one  of  these  names  should  have 
suggested  the  murder  of  the  man's  race  who  bore  the  other. — ^And  another 
remarkable  thing  is  that  Shallum  was  also  the  name  of  the  husband  of 
Huldah  the  prophetess. — Either  such  names  are  merely  the  inventions  of 
subsequent  chroniclers  ;  or,  they  are  mixed  up  in  the  history  so  as  to  divest 
them  of  all  personal  genuineness  ;  or,  they  were  bestowed  without  regard 
to  their  meanings  ;  or,  lastly,  their  reputed  meanings  are  good  for 
nothing. 

Jehoahaz  was  23  years  old,  and  only  reigned  three  months  after  the 
defeat  and  death  of  his  father.      He  is  said  to  have  spent  these  three 

*  The  uncertainty  surrounding  hebrew  private  names  is  exhibited  here;  for 
the  chronicler  (2  Cliron.  xxxiv«  22)  repeats  the  story  almost  verbatim,  and  yet 
giveR  this  name  Harhas  DIT^n,  as  Hasrab,  rT^DTI,  a  totally  Irreconcilable  dif* 
ference,  not  to  be  explained  by  any  ordinary  blunder  of  transcription. 
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months  in  upsetting  his  father's  Jahvism,  and  restoring  idolatry.  Neclio, 
on  his  arrival  at  Jerusalem,  sent  him  a  prisoner  to  Riblali  in  northern 
Syria,  and  made  Josiah's  brother,  Eliakm^  King,  turnnig  his  name  to 
Jehoiakim. 

Eliakinif  Q^p^Sfc^.  ALIQIM,  Is  supiwsed  to  mean  '*  God  has  appointed 
him"  (Ges.)  from  oip»  to  rise,  stand;  Q^p,  piel,  to  make  rise,  stand,  con- 
firm, establish  &c.     If  this  be  so,  then  wliy  does  Gesenius  say  of   fc^'j^Stt 

(2  Sam,  23  :  25)  "etymology  unknown,"  when  it  sliould  mean  "God  lias 
spewed  him  out,"  from  ^\t),  to  spew  out?  Wliat  is  good  etymology  in  the 

one  case  should  be  good  in  the  other. — But  a  more  embarrassing  question 
arises  : 

t7«Ao<iWm  (Eliakim)  should  then  mean  "Jehovah  has  appointed  him." 
Now,  how  is  It  possible  to  suggest  any  motive  for  an  Egyptian  King 
changing  his  Hebrew  vassal's  name  by  substituting  "Jehovah  "  for  "El ; " 
especially  seeing  that  he  himself  worshiped  El  (^UA),  and  his  vasstU 
(so  the  history  goes  on  to  state)  hated  Jehovah,  "as  all  his  fathers  had 
done?" 

This  again  shows  that  either  the  hebrew  traditional  names  are  wrong, 
or  that  their  hebrew  traditional  etymologies  are  valueless. 

It  must  be  noted  that  Josiah's  mother  was  Jedidnh;  but  his  brother 
Jehoakim's  mother  was  Zebudah ,'  so  they  were  only  half-brothers  ;  and 
while  Josiah  was  89  years  old,  his  half-brother,  Jehoiakim,  was  only  25. 
These  14  years  may  have  made  a  great  change  in  the  hareem  of  King 
Amon,  and  goes  far  to  explain  the  anti-Jahvism  of  the  younger  half- 
brother. 

Undoubtedly  polygamy  at  the  court  of  Judah  was  the  ground  cause  of 
the  continual  revival  of  anti-Jahvist  worships  in  the  history  of  the  king- 
dom. Josiah's  ow^n  children  could  have  very  little  chance  for  a  good 
education  in  tlieir  father's  orthodoxy,  surrounded  as  their  infancy  and 
adolescence  must  have  been  by  female  worshipers  (open  or  secret)  of 
Baal,  Moloch,  Chemosh,  Himmon,  Thammuz,  Astarte,  Neith,  and  other 
Syrian  and  Egyptian  deities.  It  is  only  surprising  that  the  titles  of  these 
deities  do  not  appear  in  the  lists  of  royal  names.  Why  do  they  not  ? 
Were  the  mothers  deterred  fVom  naming  their  children  after  the  deities 
which  they  w^ere  permitted  openly  to  adore  ?  That  is  evidently  no  explana- 
tion. Are  we  then  left  to  conjecture  that  the  reiterated  story  of  this  court 
idolatry  is  in  the  main  a  mere  late  priestly  tradition,  without  foundation 
in  fact,  and  penned  for  a  long  subsequent  purpose,  viz.,  to  account  for  facts 
otherwise  unaccountable  ? 

Among  other  nations,  Greek,  Phoenician,  Assyrian,  Babylonian,  Egyp- 
tian, the  national  pantheon  is  painted  and  recorded  in  each  ro5'al  nomen- 
clature. The  Hebrew  annals,  both  Kings  and  Chronicles,  have  this 
exceptional  feature  :  they  affirm  that  kings  and  people  alike  were  habitual 
worshipers  of  numerous  well-known  deities,  and  yet,  while  they  reconl 
lists  of  royal  and  common  names  compounded  ttom  the  name  of  one 
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asserted  national  deitj,  they  record  none  compoonded  of  the  names  of 
the  deities  said  to  have  been  habitually  worshiped ;  except  the  three  or 
four  mentioned  in  previous  portions  of  this  paper. 

It  seems  to  me  that  this  fact  has  been  overlooked,  and  ought  to  be  taken 
into  account  in  judging  1.  of  the  trustworthiness  of  the  hebrew  chronicles, 
and  2.  of  the  correctness  of  the  exegetical  etymologies  in  our  hebrew 
lexicons. 

If  it  be  sound  historical  argument  that  the  Pharaohs  of  the  m  and  IV 
Dynasties  were  pious  worshipers  of  Amun-Ra,  the  national  deity,  because 
they  were  named  Ra-neferka,  Ra-fu,  *  Ra-tatef,  Ra-Shaf,  Ra-menkau, — 
and  if  it  be  a  fair  inference  that  As^dni-hcU,  Hanni-hal,  Ha-mUear  and  other 
Phoenicians  were  honest  and  consistent  worshipers  of  Baal-jnelearth,  the 
Phoenician  deity, — it  seems  an  equally  reasonable  conclusion  that  if  the 
Judsean  and  Ephraimitish  princes  had  names  in  which  the  word  Jah  or 
Jehovah  can  be  recognized,  they  must  have  been  worshipers  of  Jah,  although 
the  chronicles  vehemently  affirm  that  they  were  not. 

In  other  words,  historical  analogy  would  teach  that  the  Kings  Abi-jah, 
Jo-aa/phaty  Jo-ram^  Jeh-u  (?  Jah-u),  ffezek-Jah,  &c.,  were  all  alike  worshipers 
of  Jah,  with  Jah's  prophets  8ephon-jah,  Mi-jah,  Jo-el,  Isa-jah,  &c.,  and 
in  spite  of  the  historical  denunciation  of  their  alleged  idolatries  made  by 
the  compilers  of  the  Kings  and  Chronicles  of  after  centuries.  If  not — 
then  we  are  compelled  to  assume  that  the  deity  name,  Jah,  is  wrongly 
identified  in  their  proper  names. 

It  is  certainly  a  remarkable  thing  that  the  kings  who  are  traditionally 
reported  as  founders  of  the  Jehovah  worship,  Samuel,  Saul,  David  and 
Solomon,  do  not  carry  the  name  of  the  deity  in  their  names. 

And  the  same  argument  may  be  reasonably  employed  in  investigating 
the  antiquity  of  the  Jehovah  worship,  in  view  of  the  startling  fact  that 
none  of  the  patriarchal  names  exhibit  this  element :  neither  Heber,  nor 
Terah,  nor  Abram,  nor  Sarah,  nor  Ishmael,  nor  Isaak,  nor  Rebekah,  nor 
Esau,  nor  Jacob  (Israel),  nor  a  single  one  of  their  numerous  reputed 
offspring,  Reuben,  Simeon,  Levi,  Judah,  Zabulon,  Issachar,  Dan,  Qad, 
Asher,  Naphtali,  Joseph,  Benjamin,  Eliphaz,  Reuel,  Jeush,^  JcLalam,W 
and  Korah.  It  is  needless  to  say  that  none  of  the  "dukes  of  Edom" 
(Esau's  children),  Teman,  Omar,  Zepho,  &c.  (Gen.  xxvi :  15),  contain 
Jah.  But  it  is  worthy  of  deep  consideration  that  Jacob's  descendants  do 
not  seem  to  have  been  called  after  the  '*Lord  God  of  their  fathers." 

Judah' s  sons  were  called  Er,  Onan,  Shelah. 

In  the  next  generations  come  :  Pharez,  Zerah,  Hezron,  Hamul,  Zimri, 
Ethan,  Heman,  Calcol,  Dara,  Achar,  Aza/riah  (son  of  Ethan,  1  Chron.  ii : 
8),  Jerameel,  Ram,  Chelubai,  Amminadab,  Nashon  (*' prince  of  theBeni- 
Judah"  1  Chron.  ii:  11),  Salma,  Boaz,  Obed,  Jesse,  and  his  seven  sons, 

*Sapposing  that  the  barred  disc  of  the  tablets,  ShUf  is  a  mistake  for  the  plain 
disc,  ra, 

ftffy*  JOIS.  fftDl]^"  JOLM.  But  these  names  oommence  exaetly  alike,  but 
have  received  from  the  Masorites  different  punctuation,  for  no  apparent  rea- 
son.   Neither  of  them  show  any  trace  of  Jah. 
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Eliab,  Abinadab,  Shimma,  Netbaneel,  Raddi,  Ozem,  David,  with  their 
two  sisters  Zeruiah  and  Abigail. 

Of  all  these  names,  Azarjah  and  Zerujah  alone  contain  the  Jah  (and  the 
▼ery  late  date  of  the  list  makes  these  suspicious),  yet  this  is  the  royal  line 
of  Day  id,  "the  man  after  Jah's  own  heart,"  the  supposed  designer  of  the 
temple,  and  the  supposed  inventor  and  establisher  of  the  liturgy  of  Jah. 

It  may  be  said  that  the  negative  argument  is  of  no  weight  because  it 
proves  too  much ;  for  neither  does  this  long  list  of  names  exhibit  the  title 
of  any  other  deity.    In  reply  it  may  be  said  : 

1.  That  the  absence  of  other  deity  names  is  not  certain  until  the  personal 
names  are  investigated  in  light  of  the  comparative  mythology  of  that  day  ; 
and 

2.  That  several  of  them  do  contain  the  name  of  the  Assyrian  and  Egyp- 
tian deity  Bel,  El  (=Ra  :)  viz.  Ishmae^,  Israel,  Reue2,  Hamul  (?),  Calcol  (?) 
Jerameii^,  ^iab  and  Nathane^Z. 

Of  Hezron's  descendants  in  the  line  Caleb :  Jeaher,  Shobab,  Ardon,  Huz, 
Uri,  Bezeleel;  in  the  line  of  Segub,  Jair,  Ashur,  Tekoa  ;  in  the  line  of 
Jeremeel,  Ram  [Bunah,  Oren,  Ozem,  Ah^jah,']  Onam  [Maaz,  Jamin  (c- 
Benjamin),  Eker,]  Shammai,  [Jada,]  Nadab,  [Abishur,  Ahban,  Molid, 
Seled,]  Appaim,  Ishi,  Sh^shan,  [Ahlai,  Jether,  Jonathan,  Peleth,  Zaza,] 
Attai,  Nathan,  Zabad,  Ephial,  Obed,  Jehu,  Azariah,  Helez,  Measah, 
Sisamai,  Shallum,  Jekamiah,  Elishama,  extending  through  21  genera- 
tions =600  years,  ».  e.  down  to  the  captivity  of  the  ten  tribes — only  two 
have  the  word  Jah,  and  both  are  comparatively  late,  Ab^ah  and  Azariah. 

A  valuable  bit  of  information  for  our  purpose  is  given  in  the  following 
words  (1  Chron.  ii,  34)  "Now  Sheshan  had  no  sons,  but  daughters.  And 
SheBhMn  had  an  Egyptian  slave,  his  name  Jarha,  And  Sheshan  gave  his 
daughter  to  his  slave  Jarha  to  wife  ;  and  she  bare  him  Attai.  And  Attai 
begat  Nathan  \**  &c.,  as  above. 

Here,  if  any  where,  we  might  find  pure  Egyptian  names ;  wi^  S'^-S'a-N, 

yrr\i  IKHO,  -n^  DTI. 

A  most  remarkable  coincidence  in  fact  occurs.  This  Sheshan  father  of 
Attai  corresponds  so  closely  and  unexpectedly  with  the  Shesh  and  Atta  of 
early  Egyptian  story,  that  the  reference  of  one  to  the  other  in  some  unex- 
plained and  perhaps  inexplicable  way  seems  inevitable.  The  Egyptian 
part  of  the  coincidence  is  referred  to  in  a  recent  memoir  by  Dr.  Jacob 
Krall*  "On  the  composition  and  fate  of  Manetho's  History;"  where, 
after  recounting  the  evidence  of  the  mythical  character  of  the  lists  of 
names  of  the  Kings  of  the  1st,  2d  and  8d  dynasties,  preceding  the  Ist 
King  of  the  Kamak  tablet  (probably  the  first  really  historical  King) 
Snefru  (1st  of  the  4th  dynasty  of  pyramid  builders)  he  goes  on  to  say  :-^ 

"We  are  moreover  in  a  condition  to  suggest  the  origin  of  these  mythi- 
cal  accounts.  A  series  of  chapters  (of  the  Ritual)  and  especially  powerftil 
formulae  were  relegated  by  the  priests  to  the  days  of  their  most  ancient 
Kings.     Chapter  130,  e.  g.,  to  the  reign  of  Husapti  (^u(Taipsid7j<;)  I.  Dy.  5th 

^Sltzungsberichte  der  K.  AK.  der  Wlas.  Phil.  Hist.  CI.  XCB,  Juli  1^9,  p.  190. 
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King  ;   Chapter  64,  to  the  reign  of  Menkaura  (builder  of  tiie  third  pyra- 
mid).* 

'*We  read,  again,  in  the  Medical  Papyrus  Ebers  of  a  hair  salve  pre- 
pared as  long  back  as  by  STiesh  the  mother  of  Tela,  (TTA)  apparently  the 
A^ort<z  of  the  lists,  2d  King  of  the  1st  Dynasty,"  the  immediate  successor 
of  Menes,  &c. 

The  tablets  of  Abydos  and  Saqqara  give  the  following  combined  list 
of  names  of  the  Kings  of  the  first  three  dynasties  :  Mena  (Menes),  TeTA, 
ATeTh,  ATA,  Kenkenes,  Husapti  (Sapti),  Meribapu,  Semempses,  Qebuhu, 
Butau,  Qaqeu,  Ba-n-neter,  Watnas,  Senda,  Hetefa,  TTA  A  (T*atai), 
Neferqara,  Sokarneferka,  Nubkara,  Sar,  Sar-TeTA,  Huni,  Snefru. 

It  will  be  seen  that  TTA  occurs  with  slight  variations  five  times  in  this 
list  of  23  Kings.  The  hair-ointment  is  assigned  to  the  mother  {Shesh)  ot 
the  first  one.  I  give  little  weight  to  Krall's  etymologies  of  these  names, 
although  he  accepts  them  as  ''ganz  abschliessend  festgestellt  "  by  Lauth, 
in  his  Manetho  (p.  87).  I  prefer  to  refer  them  all  (as  mere  modifications) 
to  Tat,  the  sacred  symbol,  Nilometer,  or  what  not,  used  incessantly  in  the 
priestly  literature  and  on  the  monuments  with  numerous  meanings  more 
or  less  radically  different.  But  I  wish  to  insist  here  on  the  striking  fact, 
that  the  value  of  this  famous  verb  and  known  root  of  Egyptian  literature 
could  not  very  well  be  more  highly  guaranteed  and  illustrated  than  by 
its  being  used  alone  and  without  any  other  compounding  element  to  man- 
ufacture (whether  historically  or  traditionally  or  mythically  is  a  question 
of  no  moment  here)  the  personal  names  of  five  out  of  28  of  the  most  an- 
cient Kings. 

Its  value  is  further  shown  by  the  fact  that  it  entered  as  a  compound  into 
the  names  of  many  other  Kings  (like  Ra*tat'f,  Tat'kara,  &c.)  of  succeeding 
dynasties. 

Its  highest  value  is  exhibited  in  the  name  of  the  special  god  of  the 
clerici,  clergy,  clerks,  scribes,  the  god  of  learning,  i.  e.  worship,  Thoih, 

But  it  appears  among  the  names  of  the  egyptian  nobility  or  bourgeoisie 
(for  it  is  hard  to  distinguish  between  these  classes,  distinct  as  they  become 
in  modern  times)  ;  as,  e.  x. — In  the  tombstone  of  a  gentleman  of  the 
Ancient  Empire  preserved  in  the  Boulaq  Museum  at  Cairo  (No.  71, 
Magazine  V,  Mariette's  AperQU.),  the  legend  runs,  that  his  name  was, 
ATA  ;  his  father's ua  ;  his  mother's  I^eb't ;  and  his  son's  Sebek-nefer. 

Taking  this  private  name  (in  the  5th  dynasty  ?)  ATA,  and  comparing  it 
with  the  royal  names  ATA,  ATeT,  TeTA,  and  TeTAi  of  the  1st  and  2d 
dynasties,  we  can  not  be  surprised  at  the  appearance  of  the  name 
ATI,  in  1  Chronicles  ii :  34,  given,  aa  it  is  there,  to  the  son  of  an  Egyptian, 
the  slave  of  one  of  the  descendants  of  Judah.  But  the  marvel  is  that  the 
slave's  wife's  father  should  have  the  egyptian  sounding  name  Sheshan; 
and  that  the  Ebers  Papyrus  should  call  the  mother  of  the  pharaoh  TTA, 
8hes?if 

To  return  to  the  list  of  early  names  in  1  Chron.  ii :  17. 

*  4th  King  of  IV  JDy.  if  Snefru  were  the  Ist.    But  if  Snefru  was  the  last  King 
of  the  III  D  then  Mycerinos  was  Sd  King  of  the  IV  D. 
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Although  one  of  Jesse's  nine  cliildren  (notably  one  of  his  two  dattghtera, 
and  not  one  of  his  seven  sons)  Zeruiah^  seems  to  carry  the  JaA,  it  is  re- 
markable that  it  does  not  appear  in  the  names  of  her  three  sons,  Abiahai, 
Joiib  and  Aaahel,  ^Br3K.  aKr»  HBTJ*.  (ABSI,  lUAB,  OSEAL)  in  the  first  and 
second  of  which  <?*,  fatlier»  Is  the  main  element,*  the  «t  (shi?)  of  the  one 
and  the  iu  of  the  other,  being  of  unknown  sense  ;  for  in  =Jah,  (Jahveh) 
tliere  is  no  evidence  whatever. 

The  third  name,  Aaahdy  is  given  in  our  modern  hebrew  text  as  a  com- 
pound name,  with  a  hyphen  between  the  OSE  and  the  AL,  evidently 
inserted  to  support  a  popular  or  Masoretic  etymology  Sw^ntefl^*  "God 
made,"  t,  «.  him  ;  or  **GkKi  works  "  in  the  indefinite  or  abstract  sense. f 

The  other  sister  of  David,  Abigail,  married  Jether  the  Ishmaelite,  and 
bore  Amma^  whose  name  has  a  pure  Egyptian  ring  ;  and,  considering  the 
relations  of  the  desert  to  the  delta,  we  should  expect  to  find  plenty  of 
Egyptian  elements  in  Ishmaelite  nomenclature.  Amasa  is  written  OMSA, 
which  might  easily  be  the  Judasan  pronunciation  of  am-ae,  **  (his)  mother's 
son  ;"  but  a  vague  conjectural  suggestion  like  this,  however  poetical  and 
even  proper  to  the  circumstances,  can  be  of  no  scientific  value. 

The  grand  fact  stands  out  visibly,  that  in  the  family  circle  of  David,  the  man 
after  Jehovah's  own  heart  and  the  supposed  instltuter  of  Jahvish,  there  is 
but  the  one  trace  of  the  existence  of  a  Jehovah  worship,  viz.,  in  the  name  of 
one  of  his  sisters,  Zeruiah,  n^ny»  and  that  is  doubtftil  for  good  reasons. 

That  there  were  two  philological  elements  in  Judaea  is  curiously 
illustrated  by  the  fieict  that  the  unfortunate  son  of  Saul  and  rival  of  David 
is  named  in  one  document  (1  Sam.  xiv:  40),  ISUI,  ^)^^  (Ishui)  ;  and  in 
another  document  (3  Sam.  ii :  8)  a  translation  of  iaui  is  made  into  AIS-BST 
HM-Br^K  (Ish-bosheth)  "man  of  folly."  lahui  was  his  Ephraimite  or 
Hebrew  name,  and  lahboahcth  was  the  nickname  given  to  him  in  the  camp 
and  at  the  court  of  the  men  of  Judah.  Had  it  occured  first  in  Chronicles, 
we  would  be  compelled  to  consider  it  a  priestly  term  of  reproach  of  the 
times  of  Ezra. 

JedidUth  was  a  similar  nickname  given  to  Solomon  at  his  birth  by  Nathan 
the  prophet,  but  from  an  opposite  (Jahvist)  stand  point.  It  occurs  in  one 
of  the  older  and  more  reliable  documents,  2  Sam.  xii :  25,  and  is  probably 
one  of  the  earliest  genuine  instances  of  the  actual  establishment  of  the 
Jehovah  cultus,  and  goes  for  towards  removing  our  doubts  of  its  existence 
in  the  times  of  David,  nnn^  (IDIDIE,)  can  hardly  mean  anything  else 
than  "Jehovah's  darling  ;"  (compare  Jedidnh  "  Her  beloved, "  the  proper 
name  of  the  mother  of  King  Josiah  ;  2  Kings,  xxii :  1,  and  Jedid^ka,  "thy 
beloved  ones"  in  Ps.  127:2.  Theixj  is  but  one  suspicious  circumstance, 
viz.,  that  it  is  a  pretty  tair  pun  upon  the  name  of  the  baby's  father,  DaM, 
•^n  (DUD)  or  as  it  is  written  also  th  (DUID)  Hosea  iii :  5. 

*  Unless  the  Enrptlan  06,  libating  priest  be  preferred;  as  In  the  name  Ka-ab 
of  ;^ufU*s  son,  (6,  D.  { 151, 156  MS.) 

t  Another  niS^J?  Is  griven  by  QesenUis  as  an  absolute  root  meaning  "to be 
hairy,  rough,  shaggy.*'  0.  Arabic.  Henoe  proper  name  Esau.  But  the  proba- 
bility is  that  the  whole  story  of  Esau's  hairiness  was  worked  out  of  this  late 
etymology,  it»elf  entirely  worthless. 
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Tliis  name,  David,  first  appears  in  1  Sam.  xvi,  18,  in  Jewish  history, 
where  it  is  written  DUD,  as  is  usual  in  the  earlier  documents,  gradually 
changed  to  DUID  as  time  went  on.  Its  early  form  is  important,  because  it 
is  identical  with  the  Hebrew  word  T)1,  DUD,  a  pot,  kettle,  basket  (Job,  1 
Samuel,  2  Kings,  Jeremiah,  Psalms,  2  Chronicles)  fh>m  the  connection  of 
which  with  boiling  over  fire,  came  a  verbal  DUD,  to  boU,  to  be  agitated,  to 
love  ;  the  plural  noun  DaDIM,  uxuM  love  (loves)  ;  the  singular  noun,  a  love, 
a  friend,  an  aequairUance ;  and  the  title,  DUDE,  aunt,  father's  sister  or 
uncle's  wife.  Hence  DUDI  (jny  deUght,  Roy),  the  mandragora  or  love 
apple,  Gen :  xxx,  14,  Cant,  vii :  14,  and  DUDU  (Ai»  beloved  f)  a  prox)er  name 
(Roy). 

AEB  is  the  regular  hebrew  verb  to  love;  atMD  means  to  love  covet- 
ously ;  a:NN",  to  love  with  compassion ;  ;tSD  (10 j?),  to  love  with  benevo- 
lence, to  be  gracious ;  ;tPZ,  to  love  with  joy  and  delight ;  ;t*SQ,  to  love 
with  esteem,  as  a  companion ;  IDD,  simply  to  lovs,  to  be  pleased  with, 
i.  e.,  without  sexual  emotion ;  IDO,  to  love  with  reverence  based  on 
knowledge  (a  mere  poetical  use)  ;  IRO,  to  love  with  worship  (ditto) ; 
0GB,  to  love  lewdly ;  R;rM,  to  love  as  God  loves  and  pities  men ;  S*CB, 
to  lie  with. 

David's  children's  names  are  given  in  an  old  document,  2  Sam.  v :  14, 
and  in  a  much  later  one,  1  Chron.  iii :  1,  thus  : 

1.  Born  in  Hebron  : — 1  Chron.  iii :  1. 


Amnon, 

Daniel, 

Absalom, 

Adoni-jah, 

Shephat-iah, 

Ithream, 


pOK  of  Ahinoam  of  Jezreel. 

S«U"1  of  Abigail  of  Carmel. 
DlSl^aK  of  Maachah,  princess  of  Gesher. 

H" J"l«  of  Haggith. 
n^Dfliar  of  Abital. 
^DV^rr  of  Eglah,  "  his  wife. ' ' 


2.  Born  in  Jerusalem  : — 


2Sam.  v:  15. 
Shamuah,  j;iDiy 
Shobab, 
Kalhan, 
Solomon, 
Ibhar, 
Elishua,j?liy^SK= 


Nepheg, 

Japhia, 

Elishama, 

Eliada, 

Eliphalet, 


Of  Bathshuah 

(Bathshebah) 

''four." 


1  Chron.  ill :  5. 
=  K;^Diy  Shimeah, 
33117  Shobab, 
pj  Nathan, 
rxohvf  Solomon, 
in3^  Ibhar. 
-Viwhv^  Elishama. 
dScj-'S^  Eliphelet. 
njj  Nogah. 
Jflj  Nepheg. 
J^^fl^  Japhia. 
)?Diy^S«  Elishama, 

;rTS«  Eliada. 
dSs^Sx  Eliphelet,  "nine." 
non  Tamar,  ' '  their  sister. ' ' 
"Besides  the  sons  of  his 
concubines." 
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It  is  evident  that  the  second  list  in  Chronicles  is  a  bad  copy  of  the  list  in 
9  8amuel,  or  of  some  document  the  source  of  IkiUi  lists,  fh>m  the  blunder 
of  the  scrilM)  in  rfii^fiHtig  El4ih4V9M^  and  Kliphakt  Wliere  the  chronicler 
{tot  Iiis  Sogah  can  only  he  conjectured  fVom  its  distant  resemblance  to  tlie 
follow in$t  name  Xi^phtg. 

How  many  other  errors  of  transcription  there  may  be  in  both  lists  no 
one  can  now  find  ouU  But  it  is  evident  the  Jdh  does  not  occur  in  any  one 
of  the  names  of  the  eleven  dilldren  of  the  reputeil  fl)under  of  the  Jah 
cuUii*^  said  to  liave  been  born  to  him  in  Jerusalem,  where  he  is  supi>oseil 
to  have  prepared  the  site  of  the  JttA  Umpk^  its  erection  Iteing  onl^*  pre* 
vented  by  the  superior  infiuenoe  of  the  Jtih  high  pr^het  NaUiai\»  whoso 
name  one  of  his  children  in  Uie  Jerusalem  list  bore.  The  meaning  of  this 
obstruction  has  been  much  debated.  Shiloh  in  EiUiraim  had  an  ancient 
prescriptive  right  to  the  Egyptian  Arkii^tht  KjtiHim:  and  Sathun^  its  then 
president  prophet,  foresi\w  the  rupture  which  actually  ensued  when  the 
Ark  which  belonged  to  the  Btni  Istatl  was  taken  to  glority  the  AH$hi' 
Jmhihy  and  the  provincial  Haal>Apis  worship  of  the  nortli  was  swallowed 
up  in  the  metroiH)litan  Jah  worship  of  the  south. 

JV(l/A4ll^  jna,  "he  gives,**  **he  gave/*  is  the  ortlimiox  etymology  of  the 
name  l)oth  of  DavicVs  son  and  of  his  tutor,  the  old  prophet  of  tlie  ark  at 
Shiloh. 

I  pro|>ose  a  vor}'  different  ai\d  purely  £g>*ptian  etymology  :— JV><«»r-A<M», 
the  commonest  of  all  the  titles  on  the  monuments.  Its  adoption  by  the 
prophet  of  Shiloh  would  be  of  unquestionable  pn>prioty.  The  following 
examples  will  sufUct)  to  explain  its  use  in  the  hieroglyi^hic  legends :~ 

On  a  stele,  (V)und  in  the  Sen^}>eum,  and  now  de^nvsiitiHi  in  the  Louvre, 
I^atnttik-muHx  calls  himself: — ** Prophet  of  Isis,  lady  of  the  Pyramid, 
Osor-hapi,  and  of  Hor-m-a/u  the  great  Sphinx,**  and  then  adds  the  follow- 
Ing  additional  titles  to  his  name  :f — 

K»M  xe»  •tut.fcw,        SftS^tir         Mtw'^M,  s*t*Tiir      ahw^m. 

These  were  the  three  earliest  Pharaohs  of  the  Fourth  or  Pyramid  build- 
U\g  ilynasty,  and  to  every  pyramid  there  were  ci>nsecmted  sepulchral  rites 
and  a  Resident  prlestluxHl,  as  Is  the  c*ise  in  all  Catholic  ct>untrles  now, 
priesthmxis  being  invariably  attached  to  churches  built  over  tombs,  with 
slirines  (br  tlw  w^orship  of  dead  saints,  martyrs  and  wjyal  IwnetUctors  of 
religion.  This  title  X^f^r-hon  was  in  constant  use  (Vom  its  earliest  api)ear- 
ance  8000  B.  C.  down  to  the  conquest  of  Egypt  by  Alexander.  889  B.  C. 
and  later.  It  was  exceedingly  common  in  the  time  of  David  luid  Solomon ; 

•  Thts  it,  howover,  not  a  rep«tllion,  but  a  mtsrMdliit  of  EH»hwi  (0  ^tj*)  In 

tb«  other  Hsi^ 

tTto«  absenoe  of  any  genitive  fVtrm  In  oharaoterlstlo.  It  may  be  used  as  an 
argunisnt  fOr  tbe  aroh«>lc  Qharaotev  of  such  hebrew  names  at  Ab^saiom^  Instead 
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and  if  an  Egyptian  at  Rolomon'a  court  wore  to  pay  Ids  rospocts  to  Ndthany 
ho  could  only  do  so  with  propriety  hy  addressing  him  as  tlie  groat  Heter- 
Hon  of  tho  Ark  of  tho  Covenant  of  Qod,  and  of  the  shrine  at  Shiloh. 
Tlierc  was  no  other  phrase  in  tho  Egyptian  language  which  he  could  use 
with  cciual  propriety  according  to  custom. 

Neter-hon  means  DiHne  prophet,  the  hatchet  standing  for  Qod,  and  the 
second  symhol  for  prophet.  Translated  into  Hebrew  it  would  be  Kl- 
shtiphtit  (shophet).  It  is  not  a  little  remarkable  that  the  flflh  name  on  the 
list  of  the  six  sons  said  to  have  been  born  to  David  (each  of  a  seimrato 
wife)  in  tho  old  capital  of  the  south,  Hebron,  is : — 

Shrphatiah,  **  tho  prophet  of  Jah.  *'  But  this  name  is  not  more  significant 
of  Jfthrism  in  David's  family  at  Hebron  than  the  name  of  his  fourth  son 

Adon{jah,  "My  lortl,  Jah ;"  and  it  would  be  folly  to  attempt  to  find  any 
foreign  etymology  for  so  pure  and  purely  orthodox  a  Jewish  com]x>und 
wonl. 

Abmlom,  "father  [of  ?]  peace"  is  as  easily  recognized,  in  Its  Hebrew 
dn»ss  as  Melchizedek  "king  of  righteousness, "  but — 

DitnieU  Amnwn^  Ithream  are  meaningless ;  with  a  suggestion,  however, 
In  favor  of— 

Dani-el,  "Judge  of  [for]  God,"  therefore  equivalent  to  Sluphatiah. 
(SeeGes.) 

Hhreamy  "He  makes  abound  the  people"  (Ges.  suggests  "abundance  of 
the  people")  like  tho  various  Greek  names  ending  in  >l««c,  and  Hrnw^x^^ 
Archelau9  (people's  ruler),  Ari%todeviu$t  Laodamia,  Laodiee,  Menedemu$, 
Af€nelnu9,  &c. 

Amtiofif  "The  faithftil,"  seems  allied  to  Amen,  Amnah,  verity,  a  cove- 
nant, Amnon,  verily.  Although  the  root  of  this  Hebraism  is  undoubtedly 
the  AMN,  "stability,"  of  the  early  egyptian  monuments,  there  is  no  need 
of  seeing  in  this  name  of  the  eldest  son  of  David  any  direct  reference  to  its 
Egyptian  source.  But  it  is  penuissible  to  notice  tho  curious  (if  entirely 
accidenttil)  coincidence,  that  this  first  bom  of  the  long  and  splendid  lin- 
eage of  David,  tho  virtual  founder  of  the  Jewish  monarchy  and  Jewish  re- 
ligion, happens  to  bear  the  very  name  assigned  not  only  to  the  greatest 
of  all  the  gods  of  Egypt,  but  also  to  the  first  monarch  of  the  first  dynasty, 
MNA ;  tho  establisher  of  monarchy ;  the  head  of  a  splendid  pn^cession  of 
nilers,  among  which  one  at  least  gave  his  daughter  to  Amnon's  brother 
Solomon  to  be  his  queen  of  queens. 

One  more  word  about  tho  Egyptian  train  of  ideas  concealed  in  the 
Hebraic  nomenclature. 

In  Zechariah  vi :  11  to  18  occurs  a  remarkable  reference  to  Egyptian 
titles  and  customs,  in  a  confessedly  difilcult  passage  involving  tho  fiimous 
name  ot  the  second  Moses — Joshua. 

The  prophet  writes  :  "Take  silver  and  gold  and  make  crowns,  and  set 
them  on  the  head  of  Joshua  the  high  priest,  and  say  to  him  :  Thus  saith 
Jehovah  of  hosts  :   Behold  a  mant  his  name  dranoii  {Zemach)  under 
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whom  It  shall  sprout ;  ♦  tills  one  builds  (fnina)  the  temple  of  Jehovah. 
This  one  shall  bt4ild  {ibtu?h)  the  temple  of  Jehovah  ;  and  this  one  shall 
wear  aoD,  and  bU  andntk  on  his  thnme,'* 

l^huaissahod;  "and  this  (man)  shall  icsary\r\,  fmy>*fy,  splendor, 
beauty,  brightness,  (often  coupled  with  HDR,  ornament,  decoration, 
splendor,  iK)mp,  as  in  Ps.  45  :  4)  used  of  Kings,  1  Chr.  xxix  :  d5,  <&c.,  and 
of  a  voice  Is.  80  :  80,  Job.  80  :  30.  Here  in  Zach.  it  must  metvn  some 
regal  insignia,  a  crown,  or  diadem. 

Now  this  hobrew  worvl  HUD  corresponds  to  IIT  the  white  crown  of 
Upper  Egypt,  (TS^R  being  the  name  of  the  red  cn^wn  of  Lower  Egypt,) 
and  to  P'S*,tN'T  the  combhied  crown  of  Upper  and  Lower  Egypt,  (p  = 
the  egyptian  article  ;  s  =  the  formative,  by  which  nouns  are  made  verba, 
sec  below,  and  also  the  causative  ;  t  =  a  final,  often  not  nvdiail,  and  not 
certainly  radical  in  this  case). 

The  doubU  crown  ln\s  for  its  root  ;ifN=  p,  in,  l?n,  in  which  form  it  does 
not  appear  in  hebrew  ;  (for,  -^n  iiio«uis  om  :  sharp,  to  be  shfirp  ;  and  mn 
is  to  riddle,  proi)ose  a  riddle  (Judg.  14  :  13)  ;  ni'n  ^^  artifice,  a  riddle, 
imrable,  proverb  ;)  unless  in  tlie  side  moaning  mn  t^>  rtjoioe  ;  cognate 
with  pn  beauty  (Job.  41 :  3,  spoken  of  trappings,  ornaments). 

The  white  crown  of  Upper  Egypt,  the  crown  of  the  great  Middle  Empire 
(XI,  XII  Dy.)  the  crown  which  carried  the  royal  emblem  the  Uneus,  or 
Cobra,  on  its  fVont,  the  crown  of  Thebes,  the  Up-country,  the  Upper 
World,  was  called  HT,  (not  ;|fT, )  and  corresiwnds  to  the  -^n  <>^  1)n  ^^ 
Zacharias. 

The  exact  correspondence  between  the  Egyptian  and  the  Hebrew  is 
manifested  by  the  fact  that  tlie  root  het  (sivelled  with  the  globe  standard 
and  snake)  carries  the  general  meaning  of  '*  brilliant,  lightening,  bright 
and  white."  (Brugsch  Diet,  page  1015.)  Sometimes  the  solar  disk  with 
three  descending  rays  is  tlie  ideograph  ;  and  in  one  imssage  (Lops.  D.  iv, 
48,  a)  Ea  ur  s'het  Xepi^ru  hi  H  asep  hi  tna  senen-f,  (with  ra  after  the  crown 
and  after  (iwj))  **the  gooerning  sun  iUitmifMtes  (shet-rtt,  makes  white  or 
bright)  all  things^  so  as  to  giw  to  exhibition  (bring  out  to  view)  t?ieir 
foriM,**  we  have  an  important  suggestion  of  the  camatice  force  of  the  S 
in  the  name  of  the  double  crown  |)*8*;|f«Y. — ^Thls  het,  followed  by  nub 
(gold)  means  ••silver,"  i.  «.,  white  gold,  &c.— The  Egyptian  way  of 
spelling  the  crown  with  the  standanl,  t,  and  the  figure  of  the  crown, 
shows  how  they  meant  to  intensify  the  ideas  I,  of  ornament  and  3,  of 
dignity. 

The  Egyptian  simple  letter  h  (the  fh>t)  in  this  het  corresponds  to  the 
hebrew  n  ;  but  there  is  one  striking  analogy  which  shows  that  It  is  trans- 
mutable  also  into  n  J  for,  the  Egyptian  woni  IfAXA  (followed  by  a  sit- 

*  Phllllppson.— Dewette  translates  It  dltl)9rently  :  *'who  shall  sprout  up  in  his 
plnco."  I  think  It  plain  that  this  seiitonoo  is  an  interpolated  kIoks,  or  uttempt 
to  explain  the  meaning  of  the  word  Dranoh  Mtmaeh ;  but  it  la  of  no  importauoo 
here,  because  the  meaning  '* branch**  Par  lemach  is  accepted,  both  as  verb 
(Uen,  2:  5,  il :  0)  aud  noun  (Gen.  19:  25,  d^c). 
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ting  man  with  his  hand  to  his  mouth)  meaning  veUe,  placere,  s'il  -vons 
plait,  8*il  est  pennit,  (Brugsch,  Diet.  p.  908),  i.  e.  "by  your  favour"  "by 
your  gracious  pennission, "  ** may  it  please  your  gracious  majesty,"  &c., 
corresponds  exactly  to  the  Hebrew  ^N  (m)  grace,  fcmar  and   run  to 

protecty  defend,  encamp,  surrounded,  dwell,  reside. 

There  is  therefore  no  obstacle  in  the  way  of  comparing  the  HUD,  which 
Zachariah  prophesied  that  the  High  priest  Joshua  should  wear  as  Lord  of  the 
new  Temple,  directly  with  the  HeT,  the  white  crown  of  Upper  Egypt, 
if  not  with  the  pshent  of  the  whole  Kingdom.* 

But  this  is  not  the  most  interesting  point  in  my  discussion  of  the  passage 
in  Zecharias,  although  it  bears  upon  its  general  Egyptological  character. 
The  main  point  is  the  use  of  the  word  Zemach,  "branch,"  and  its  reference 
to  a  late  high  priest  bearing  the  ancient  name  Joshua. 

The  Hebrew  tradition,  adopted  by  the  Christian  Church,  saw  in  the 
term  ZeTnach,  Branch,  as  used  by  Jer.  2S  :  5,  38  :  15  and  Zech.  3 :  8  and 
Thes.  6  :  12,  the  Messiah,  as  offspring  of  David  and  of  God  ;  while  its  use 
by  Isaiah  4 :  2  is  more  doubtful,  as  Genesius  explains. 

1.  I  wish  to  call  attention,  first,  to  the  poetic  alliteration  of  the  sentence 
in  Zechariah  :  Zemach  $hemo,  '^Brcmch/*  (is)  Ms  name.  How  far  this 
alliteration  availed  in  causing  the  selection  of  the  word,  I  cannot  tell ;  but 
this  kind  of  elegant  punning  is,  as  all  readers  of  the  hebrew  scriptures 
know,  one  of  their  commonest  features,  and  is  often  a  great  help  in 
exegesis.  It  gave  rise  to  a  good  deal  of  the  historical  etymology  of  proi)er 
names. 

In  light  of  this  well  known  fact  it  cannot  be  uninteresting  to  notice 
that  the  term  branch,  or  offspring,  or  child  (applied  by  the  men  of  the 
synagogue  to  the  expected  Messiah,  who  should  rebuild  the  temple,  and 
set  up  his  throne)  corresponds  exactly  to  the  Egyptian  etymology  of  the 
name  of  the  original  Messiah,  Moses,  Child. 

The  hebrew  traditional  etymology  of  the  name  Moses  (Ex.  2  :  10)  was 
evidently  constructed  on  the  story  of  his  infancy  ;  **  for  I  have  drawn  him 
out  of  the  water"  (ci  m*n  h'mim  m'shithu).  And  the  Egyptian  colony 
of  Jews  to  whom  we  owe  the  old  greek  translation,  spelled  the  name 
MS'E  in  a  complex  manner,  fuiiO(T7J^^  apparently  for  the  purpose  of  justi- 
fying tliat  etymology,  and  introducing  into  it  the  idea  of  water. 

But  in  so  doing  they  had  to  neglect  the  real  point  of  the  etymology  in 
Exodus  2  :  10,  where  the  participle  ** being  drama  out**  is  the  only  word 
which  carries  the  etymology. 

The  Egyptian  Jews  could  find  nothing  in  Coptic  meaning  "being 
drawn  out"  to  suit  them,  and  had  to  use  the  coptic  words  for  ** water  " 
and  *' to  save.**  Hence  Josephus  (Ant.  2.  9.  6 ;  cont.  Apion  1.  31)  and 
Pliilo  (2.  83)  considered  the  name  Moses  to  mean  *' sa/oed,**  not  **  dravm 
out  of**  the  water. 

•  Other  Hebrew  relatives  can  be  found  In  in.  hM,  a  shout  and  TTH.  to  shout 
with  Joy;  in  in,  hkn,  lo,  behold  (a  shout);  and  n^H  (fern.)  they,  t.  g.  behold  them 
there ! 
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Other  and  more  modern  writers  follow  a  somewhat  different  track  by 
translating  Moses,  *'th6  iV««<»r»<T,**  For  while  the  writer  of  ExotUis 
prefers  the  etymology  in  its  passiye  form  and  explains  that  Phamoh's 
daughter  called  him  Moses  because  she  had  drawn  him  out  of  the  water, 
*-the  writer  of  the  later  cJiapters  of  Isaiah  (68 :  11)  shows  tliat  a  very 
different  traditional  etymology  existed  in  his  time,  (or  in  his  own  mind 
perhaps),  and  one  wholly  incompatible  witli  the  other.  **  Thm  Ai«  ptopk 
bethought  thrm  of  the  old  days  of  Moses,  (or,  then  Mo9m*  juiaiiU  b€thoug?it 
thrtn  qf  the  old  days).  Where  is  he  now  who  once  led  them  (or  drew 
them)  out  of  the  sea,  with  the  shepherd  of  his  flock  t'*  i&c. 

It  is  unprofitable  to  follow  fVirtlier  these  traditional  attempts  to  explain 
the  name  Moses  \  or  rather  the  hebrew  word  M*8%  which  bears  the  same 
relation  to  the  greek  form  Moses,  or  M6uses,  that  the  egyptian  name  of 
the  first  pharaoh  M*na  does  to  its  greek  form  Menes. 

We  have  the  same  liberty  to  go  to  the  egyptian  dictionary  as  Josephus 
or  Isaiah  or  the  unknown  author  of  Exodus  had  ;  and  when  we  go  there 
we  find  the  words  Mas  and  Massis  not  only  meaning  child  and  so  used  in 
prose  and  poetry,  but  employed  as  a  proper  name,  either  alone  or  in  com- 
position. There  was  an  entire  dynasty  of  Kings  each  of  which  bore  the 
name  Ra-Mes,  and  Ra-Messis,  "child  of  the  sun.**  And  those  who  accept 
the  account  of  Moses  place  the  date  of  his  birth  precisely  in  the  reign  ot  the 
most  distinguished  of  these  sovereigns,  Ramses  II.  the  greek  Sesostris, 
about  1400  B.  C.  But  the  egyptian  reconls  tell  us  that  Mass,  child,  was 
not  an  uncommon  name,  worn  by  common  people  and  by  some  in  high 
ol!lcial  position.  Pharaoh*s  daughter  could  not  give  a  more  appropriate 
name  to  the  boy  whom  she  had  adopted  as  her  child. 

9.  It  can  hardly  bo  a  coincidence  that  both  the  lawgiver  and  father  ot 
the  nation  to  whom  the  Hebrews  looked  back  with  awe  and  gratitude,  and 
the  groat  deliverer  and  king  of  the  nation  to  whom  they  look  fonrard 
with  hope  and  almost  divine  worship,  should  have  borne  such  sintilar 
names  as  Moses  and  Messiah.  In  Hebrew  the  difference  between  M8ir 
and  MSir  by  which  AfosM  and  the  Messiah  (or  the  verb  to  anoint)  arti 
designated,  is  merely  the  difference  between  a  soft  and  a  rough  breathing. 
On  the  other  hand,  if  Moses  meant  chiUit  and  the  Messiah  was  called 
Ihancfi,  offspring,  the  community  of  ideas  becomes  complete. 

8.  Tlie  passage  in  Zechariah  has  another  attraction  for  the  egyptologlst. 
The  pi*oi>het  may  and  probably  did  suppose  that  Joshua,  the  high  priest  ot 
his  day,  was  the  Messiah,  so  long  expected,  and  may  have  called  him 
Zcmach,  the  Branch  or  Offspring  (of  David)  in  that  hope ;  but  It  was  as 
high  priest  tliat  he  glorified  him,  saying  Zcmach  s*emo,  Bmnch  is  his  name. 
Now  this  hebrew  wonl  <S*m*  is  curiously  enough  the  word  for  the  high 
priest  of  Memphis  in  the  hieroglyphics.     (Brugsch.  p.  1921.) 

It  Is  written  simply  /SJr,  e.  g.  Sctn  2Hah,  chief  priest  of  the  god  Ptah  ; 
ncnck  settm  cm  aritif,  I,  the  chief  priest  among  his  own  people  ;  «&c. 

•  Mnsoretlo.    It  may  have  been  stm. 
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Sem  written  with  the  bread  trough  and  a  boat,  is  given  (in  a  legend  by 
Lepsius)  as  the  name  of  a  sacred  bark. 

Sem  preceded  by  a  hatchet  or  other  symbols  of  forward  movement  (like 
the  bread  trough  when  carried  on  the  head,  or  the  phallus)  meant  **  to  pre- 
sent an  aspect,  to  appear,  to  show  oneself,  to  manifest  oneself  like  a 
god,"  also  ** to  show  the  way,*  to  point  out,  to  lead."  It  therefore  strictly 
comports  with  the  meaning  *'high  priest "  in  both  an  active  and  a  passive 
sense. 

Sem  with  the  demonstrative  of  a  man  with  his  hand  to  his  mouth,  carried 
the  idea  still  further,  viz.,  to  celebrate,  to  praise,  and  to  bestow  a  benedic- 
tion, *.  €.,  to  exercise  the  three  functions  of  a  high  priest. 

Some  years  ago  I  saw  reason  for  deriving  the  greek  ffu,ufioXovj  a  symbol, 
from  the  Phoenician  Shembaalt  translating  it  simply  ** name  of  Baal"  in 
the  sense  of  that  which  represents  Baal,  or  more  generally  a  divine  repre- 
sentation, or  sacred  sign.  This  conclusion  was  supported  by  the  Egyptian 
use  of  the  word,  as  above  described ;  as  well  as  by  the  important  use  of 
the  same  word  in  the  hebrew  writings:  ShemJahveh,  the  "name  of  the 
Lord,"  i.  e.,  his  representative  in  human  speech,  worship,  and  energy. 

If  now  we  return  to  the  archaic  history  of  the  Jews,  we  find  the  name 
Samuel  applied  to  the  most  distinguished  personage  of  the  times  inter- 
vening between  Moses  and  Joshua,  and  David  and  Solomon, — a  person- 
age reputed  to  be  a  priest  prophet  of  the  highest  rank,  and,  in  fact,  the 
originator  of  that  *' School  of  the  prophets,"  that  caste  of  Jewish  society 
which  most  closely  corresponds  to  the  caste  of  the  scribes  of -Egypt ;  no 
doubt  more  or  less  modeled  after  it ;  and  always  more  or  less  affiliated 
and  in  correspondence  with  it  at  the  short  distance  of  a  few  days'  journey. 

Samuel,  Skidi^,  ^oLfJ-ourjXj  dedicated  before  birth  to  the  tabernacle,  by  his 
mother  Hannah,  was  named  with  some  direct  reference  to  his  dedication. 
Had  this  been  to  a  god  who  had  already  revealed  himself  by  his  name 
Jah,  this  child  of  all  others  would  have  had  Jah  in  his  name.  Instead  of 
that  the  general  word  for  god,  El,  evidently  stands  in  his  name ;  and,  if 
the  word  be  hebrew,  the  other  element  Sam,  Shem,  Sam-u,  can  be  no 
other  than  015^  "name."  But  whether  the  whole  word  can  be  translated 
"His  name.  El"  or  not  is  the  question. 

At  first  glance  this  seems  a  violent  metaphor,  of  which  even  such 
savages  as  the  hebrews  of  that  day  could  not  have  endured.  But  after 
all,  it  would  only  be  a  very  contracted  form  for  "His  name  dedicates  him 
to  El ;"  or  "He  is  named  after  EL." 

But  who  was  this  El?  for  we  cannot  imagine  the  abstract  (Jod  to  be 
meant,  any  more  than  the  pantheon  Elohim. 

What  forbids  us  on  the  one  hand  to  regard  this  particular  El,  as  the 
Egyptian  La,  or  Ra,  or  on  the  other  hand  as  the  Assyrian  Bel,  or  "Shining 
Bar?"    In  fact,  Ra,  El,  Bel,  Bar  and  Baal  were  all  one. 

I    propose,    therefore,  the    etymology  Sam-  WaX  St<l"DB^,  Shem  Wal= 

*  With  the  ideograph  of  a  road  and  pair  of  legs,  it  meant  "  the  way  or  path" 
(well  known  to  all  and  easily  followed).  Compare  the  allied  latin  verbs  DICere, 
DOCere,  DUCere,  showing  the  connection  of  the  Bard  and  Baron  ideas. 
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Shem  Baal,  instead  of  S«-l!Def,  SUemu  El  =  His  name  El ;  and  support  it  by 
the  following  arguments  : — 

1.  The  harshness  of  the  construction  it  Shem-u  he  translated  His  name  ; 
to  say  nothing  of  the  lack  of  analogies  for  such  a  comiK>sition,  What  is 
there  in  Greek  for  instance  like  Oy«»,ua»^«oT  or  Ovr^Aat^todaroc*  or 
(hotiaoTWii^so^f  or  any  possible  sucli  construction  for  a  personal  name  ? 
"We  have  Numa,  Numitor.  and  Numenius,  suggestive  of  yuntrn^  but  not 
a  latin  proj^er  name  comi>ounded  with  Xomen.  Such  a  name  as  Nomen- 
tanus,  like  Numantianus  wj\s  gei^graphical  and  not  mythological. 

2.  Of  the  same  age  as  Sitmuifl  was  -Srii/wow,  jVcf3iy»  ^^  which  etymolo- 
gists find  Sheme9h  the  Sun,  and  Un  or  Oh,  untranslatable,  but  pn)bably 
meaning  light^  But  if  SamuH  means  **Name  of  him  El,**  Samson 
should  mean  "Xame  S*un,  or  S*on.**    (C.  Chiun.  Amos  5 :  20.) 

8.  Shfm  In  hebrew  means  Sign^  like  oy^fia  in  greek.  Siune  liwk  on  it 
as  an  abbreviatinl  ^♦oi^,  ShMO,  to  htar,  aomtthing  hrar^^  which  the  LXX 
not  unfVequently  translates  by  tmtfia  (Gesenius).  Hence  Shetn^  tifiiN^,  ex. 
Shtm  Jehovah,  Name  of  tJie  Lord,  <fec.  But  if  the  meaning  **Xame**  be 
inapplicable  in  *S«#»«W,  the  meaning  **Sign**  is  very  applicable ;  and  wo 
could  not  have  a  Iwtter  etymology  than  ** Image  of  El**  for  the  boy 
prophet.  But  this  necessitates  the  change  of  El  to  Vol.  or  Bol;  and 
** Image  of  El,**  to  ** Image  of  Bel;**  in  other  words,  the  greek  2o,?i-,?<»i- 
ov.  borrowed  fW>m  the  Sliem«Baal  of  the  Phcenician  traders. 

4.  We  have  this  form  contracted  in  the  curious  phrase  Soon  Sofl*  i^^^^ 
hn  seMCL,  "Statue  (cutting)  of  likeness'*  litenUly,  "Statue  iK>rtn\it,** 
**carved  image,**  **stone  symbol,**  of  Deut.  4  :  10  and  3  Chnm.  83  :  7 ; 
also  Ex.  8  :  3,  5. 

And  in  another  equally  curious  form  ^Koty.  the  left,  the  left  side,  tlie 
north ;  when  we  remember  that  the  ancient  imntheon  sat  in  the  sides  of 
the  north,  in  tliehillof  the  north  ;  while  the  Saba»on  mythology  had  for  its 
symbol  of  symbols,  the  pole  star  and  the  Great  Bear. 

Before  leaving  the  subject,  I  would  suggest  the  possibility  of  an 
etymology  fVom  Hiy  TsVE  to  command,  rule,  a  precept :  com  quired  with 
a  very  chan^cteristic  SM  to  command  in  Egyptian  (see  Birch  in  Bunseu, 
Eg.  V,  pp.  508,  509,  and  I,  p.  507)  Stm,  chief,  deputy ;  Siumu,  king*s 
deputy,  provincial  nobleman,  represented  by  the  sjmde,  and  a  man  hold- 
ing the  9uten  or  royal  plant  in  his  right  hand.  HeniM?  Sam^t  to  establish.! 
Another  Hebrew  form  of  the  wortl  is^»a»'>  S'BO,  not  radically  dilfering 
flrom  the  other ;  and  a  third  form,  also  radically  identio^l  with  the  other 
two,  and  equally  referrable  to  the  more  ancient  Egyptian  form,  is  oa^f 
S'PT,  meaning  to  command,  not  ns  a  deputy,  but  as  a  judge.  And  in  this 
we  find  ourselves  returned  to  S<imut>l  as  the  great  Judge  in  Isn\el. 


•AUR  is  light;  ATTN— On.  the  city  of  the  Sun  In  F4rypt,  onlleit  by  Jeremiah 

(who  went  to  iCirypt)  Beth  8hemesh,  house  of  the  Sun  ;  by  the  jrreeks,  HeJIopo- 

•  lis,  city  of  the  Bun;  by  the  Aralvs^  fbunt^iin  of  the  Sun  (mistaking  AVN  lor 

AIN) :  In  Coptic,  cwet'w,  oHn,  oudini^  light. 

v«  t  Curiously  enough  the  same  word  wiis  used  Ibr  a  conspirator,  with  various 

Ideographs  slgnl^lng  punishment  for  malfeasance  In  ofttce. 

-At 
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Stated  }ftrtm(;,  June  17th^  18SL 

Pro>*ont,  5  niomhors. 

Vico-Pro8ulont,  Mr.  K.  K.  PuirK,  in  tho  Olmir. 

A  lottor  acooptinj^moniborslnp  was  roooivod  from  Mr.  *Tanios 
A.  Murray,  tlatod  Mill  Hill,  Midillosox,  N.'W.,  Knglaud,  May 
7,  1881. 

A  lottor  aoknowlotlging  thororoptionof  his  diploma  was  ro- 
coivod  from  Mr.  C.  II.  F.  Potors,  dated  Ilamiltou  Collogo, 
tninton,  N.  Y.,  Jiuio  U,  1881. 

A  lottorackuowlodging"  Transactions  Vol.  XV,  No.  8,  was  re- 
coivod  from  tlio  Smithsonian  Institution. 

IVrmission  was  granted  to  Major  Jod.  Ilotehkiss,  of  Staun- 
ton, to  uso  a  wood-cut. 

Aoknowlodgmonts  were  rocoivod  of  tho  rocoipt  of  Transac- 
tions, XV,  No.  8,  from  tlio  Smithsonian  lnstituti<,m,  and  of  Pro- 
ceedings, from  tlie  A\istrian  Acad.  0(H,  105);  Pavariau  Acad- 
emy (104,  10.\  100;  List);  American  Statistical  Association 
(lOf),  10«,  107;  List);  Cimnecticut  Historical  Society  (108); 
American  Antiipuirian  Society  (108);  Host^m  P\d)lic  Library 
(108);  New  Hampsliire  Historical  Society  (108);  Pksex  Insti- 
tute (108);  HIukIo  Island  Historical  Society.  (108);  New  York 
Historical  Society  (108);  New  Jersey  Historical  Society  (108); 
New  York  Hospital  (108);  American  Kthnological  Society 
(108);  Astor  Library  (108);  Maryland  Historical  Society  (108); 
11.  Phillips,  Jr.  (108);  Pennsylvania  Historical  Society  (108); 
J.  F.  (^.arll  (108);  J.  H.  C.  C\>mn,  W.  P.  Taylor,  Washington 
1).  (5.  (108);  (Icorgia  Historical  Society  (108);  11.  Peter,  Lex- 
ington, Ky.  (108);  J.  M.  Hart,  Cincinnati,  Ohio  (108). 

Letters  of  envoy  were  received  from  tho  Academics  at  Vienna 
and  Munich,  HreitliolY  and  Hiirtel,  at  Leij)sig;  the  Holland  So- 
ciety, at  Harlem;  M\khh>  (luimet,  at  Lyons;  N.  0.  d.  ().,  at 
Altenburg;  tho  Manchester  Literary  and  Pliilosophical  So- 
ciety, andtlio  l)e|mrtmont  of  tho  Interior  of  tho  United  States, 
Washington,  I).  C. 

Donations  for  tho  Library  woro  received  from  tho  11.  and  L 
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Acadoiuies  at  St.  Petersburg,  Berlin,  Yieuna,  Munich,  Gottin- 
gen  and  Rome ;  from  the  Societies  at  Gorlitz,  Leipzig,  Often- 
bach,  Altenburg,  St.  Gall,  Harlem,  Manchester,  Glasgow,  Que- 
hoo  and  Montreal ;  from  Professor  William  Whitney,  from 
Loipsig;  the  Archives  at  Nijmegen;  the  Geological  and  Hor- 
ticultural Society  at  Berlin ;  the  Zoological  Garden  at  Frank- 
fort ;  the  Paris  Geographical  Society ;  Kevue  Politique ;  An- 
nales  des  Mines ;  Museum  of  Natural  History ;  Bureau  of  Longi- 
tudes; Observatory;  Anthropological  Society;  M.  Claud. 
Jannet ;  from  the  Academy  and  Geographical  Society  at  Bor- 
dea\ix ;  from  the  Observatories  at  Prag,  Munich,  San  Fernando, 
Oxford,  Stockholm  and  Wtvshington ;  the  Trigonometrical  Sur- 
vey of  India ;  the  Department  of  Mines ;  the  Royal  Society  of 
New  South  Wales  and  Archibald  Leversidge,  at  Sidney ;  the 
Inspector  of  Mines,  Melbourne;  the  Royal  Institution  of  Great 
Britain,  Royal  Astronomical  Society,  Royal  Geographical 
Society,  Geological  Society,  Royal  Asiatic  Society,  Editors 
Nature,  the  Chemist's  Journal,  Steven^s  Historical  Collection 
and  Journal  of  Forestrv,  at  London ;  the  Natural  llistorv  So- 
eiety  of  Northumberland ;  the  Radclift*  Ol>servatory ;  the  liit- 
erary  and  Philasophical  Society,  at  Manchester ;  the  Philo- 
sophical Society,  at  Glasgow;  tlie  Royal  Geological  Society  of 
Ireland;  the  Literary  and  Hij^torical  Society  of  Quebec;  the 
Canadian  Naturalist ;  the  ^[useum  of  Comparative  Zoology,  at 
Boston ;  the  American  Journal  of  Science  ;  the  Peabody  Acad- 
emy of  Science ;  Profcv^^or  E.  D.  Cope,  the  Franklin  Institute, 
the  Medical  News  and  Journal  of  Pharmacy,  Thonuxs  Meehan, 
Henry  Phillips,  Jr.,  at  Philadelphia ;  the  Peabody  Institute,  at 
Baltimore;  the  Chief  of  Engineers  U.  S.  A.,  the  Smithsonian 
Institution,  Bureau  of  Education,  United  States  National  Mu- 
seum, Rear  Admiral  John  Rodgers,  Edward  C.  Pickering  and 
Albert  S.  Gatchet,  at  Washington ;  from  Major  Jed.  Hotch- 
kivss;  the  Geological  Survey  of  Kentucky ;  Wabash  College; 
the  Historical  Societv  of  New  Mexico  and  the  Ministerio  do 
Fomento,  in  Mexico. 

Professor  I.  C.  White  comn\unicated  a  paper  entitled  "  Notea 
on  the  Geology  of  West  Virginia ;  a  rectification  of  the  Sec- 
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tion  made  by  Mr.  Howard  Grant  Jones,  and  published,  under 
the  title,  Notes  on  the  Cumberland  or  Potomac  Coal  Basin,"  in 
the  Proceedings,  No.  107,  pages  111  to  116. 

Professor  P.  E.  Chase  communicated  a  paper  entitled  "Pho- 
todynamic  Notes,  III,"  including  "A  Series  of  Natural  Stand- 
ard Units  for  gravitating,  luminous,  thermal,  electric  and 
chemical  comparison." 

Dr.  George  A.  Konig  communicated  a  paper  "  On  Alasjcaite, 
a  new  member  of  the  series  of  bismuth  sulpho  salts,"  as  a  "con- 
tribution from  the  University  of  Pennsylvania." 

Pending  nominations  Nos.  934  to  936  and  new  nominations 
Nos.  937  to  940  were  read. 

Permission  was  given  the  Librarian  to  permit  Professor 
Eichards,  of  the  University  of  Pennsylvania,  to  take  from  the 
library  three  volumes  of  Bouillon  for  the  purpose  ot  photo- 
graphing the  engravings  for  his  lectures. 

The  Secretaries  were  authorized  to  furnish  Mr.  Henry  Phil- 
lips, Jr.,  one  of  the  Curators,  with  a  letter  introductory  to  for- 
eign correspondents  of  the  Society. 

And  the  meeting  was  adjourned. 


2^ote8  on  the  Geology  of  West  Virginia.    By  I.   O.    White,  Professor  of 

Natural  History  in  the  University  of  W.  Va. 

(Read  before  the  American  Philosophical  Society ,  June  17,  188 1), 

A  Rectification  of  the  Section  made  by  Mr.  Howard  Grant  Jones,  M.S.,  and 
PublisTied  under  the  Title  of  ''Notes  on  the  Cumberland  or  Potomac  Coal 
Basin,'*  in  Proc.  A.  P.  S.,  No.  107,  pages  111-im.* 

The  results  at  which  Mr.  Jones  arrived  concerning  the  duplication  of 
No.  XI  along  the  North  Potomac  river,  in  his  paper  read  before  this  So- 
ciety last  year,  were  so  startling,  and  so  much  at  variance  f^om  my  own 
limited  knowledge  of  the  geological  structure  in  that  region,  that  I  deter- 
mined to  investigate  the  question  anew  at  the  first  opportunity.  During 
May  of  the  present  year,  in  company  with  some  members  of  my  class  in 
Geology  at  the  University,  we  took  a  five  days'  excursion  through  the 
Piedmont  Keyser  region,  and  the  present  paper  is  the  result. 

As  will  be  seen  from  the  sequel,  that  part  of  Mr.  Jones'  section  below 
No.  XII  is  erroneous. 

•  Read  September  17th,  1880. 
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I  find  no  duplication  of  No,  XI,  the  **2000'  red  shale,**  which  Mr.  Jones 
placed  in  No.  XI,  being  Catskill,  separated  ftoxn  the  true  No.  XI  by  1150' 
of  gray  Pocono  (Vespertine)  (X)  sandstone;  his  **440'  Lower  Mountain 
Limestone*'  is  Lo\oer  HeUlerberg  (No.  VI);  his  **  100'  Pocono  safidetone** 
ia  the  White  Medina,  more  than  10,000'  below  the  tnie  Pocono, 

The  line  of  section  extends  ftx)in  Piedmont,  Mineral  county,  West  Vir- 
ginia (and  Westernport,  Maryland,  just  opposite),  south-eastward  along 
the  West  Virginia  side  of  the  North  Potomac,  to  Keyser  (formerly  New 
Creek),  and  one  and  alialf  miles  beyond  to  the  summit  of  Knobby  moun- 
tain C*Knobbley'*). 

A  reference  to  the  accompanying  figure  will  explain  the  structure  of  the 
rocks  along  the  section  line  which  is  not  far  fh>m  six  and  a  half  miles  in 
length. 

As  is  well  known,  the  Cumberland,  or  Potomac  Coal  Basin,  lies  in  a 
trough  of  the  Allegheny  system  with  Savage  mountain  bounding  its 
north-western  rim,  and  Dan's  mountain*  its  south-eastern.  The  North 
Potomac,  after  flowing  north-eastward  down  this  great  sy ncline » for 
many  miles  in  West  Virginia,  receives  the  Savage  river  at  Blooming- 
ton,  near  the  Maryland  line,  whence  the  combined  stream  flows  east- 
ward across  the  Basin  to  Piedmont,  two  miles  below,  and  then  veering  to 
the  south-eastward  cuts  squarely  through  the  Dan's  Front  Ridge  moun- 
tain, continuing  on  across  the  upturned  edges  of  X,  IX,  and  VIII  to 
Keyser,  when  trenching  through  an  arch  of  VII,  and  the  upper  portion  of 
VI,  across  New  Creek  mountain  (ridge),  it  again  flows  north-eastward 
along  the  north-western  slope  of  Knobby  mountain  to  Cumberland. 

From  an  inspection  of  the  figure,  it  will  be  observed  that  the  strata  are 
almost  horizontal  in  the  vicinity  of  Piedmont,  and  Westernport ;  that  in 
going  south-eastward  they  soon  begin  to  rise  quite  rapidly,  the  lowest  beds 
of  No.  XII  coming  up  to  the  south-east  at  an  angle  of  12^\  three-fourths 
of  a  mile  below  Piedmont.  Nos.  XI,  X,  IX,  and  VIII  come  up  succes- 
sively with  constantly  steepening  dips  until  near  the  middle  of  VIII,  the 
rocks  are  vertical ;  finally  near  Keyser  the  Orlskany  sandstone,  No.  VII, 
comes  up  with  a  diminished  dip,  and  arching  over  the  anticlinal  axis  of 
New  Creek  mountain,  barely  dips  down  to  water  level  on  the  North 
Potomac,  making  a  very  shallow  and  sharp  syncline,  since  it  immediately 
returns  wltli  a  reverse  dip  of  65°  to  the  North-west,  whlcli  carries  No.  VII, 
VI,  and  V  into  the  air  over  the  Walker's  ridge  anticlinal,  one-half  mile 
south-east,  to  come  down  agtiin  on  a  south-east  dip  in  the  monoclinal 
range  of  Knobby  mountain,  whoso  crest  Is  formed  by  the  Oriskanj/  sand- 
stone (No.  VII),  and  the  underlying  cherty  layers  at  the  top  of  the  Lower 
Helderborg  (No.  VI),  the  varying  composition  and  unequal  hardness  of 
which  give  rise  to  the  peculiar  topography  that  has  given  name  (Knobby) 
to  the  range. 

A  more  general  discussion  of  the  data  In  this  section  Is  reserved  for  a 

*0n  the  West  Virginia  side  of  the  Potomao  the  oontinuation  of  this  range  ia 
called  the  Allegheny  Front  Ridge, 
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24.  Shftlo,  bluish 

25.  Coitl 

20.  Firoday 

27.  ConcoHleil 

28.  Sandstone,  very  hard 

20.         "  shaly 

80.  Shales,  sandstone  and  concealed 

81.  Dark  bituminous  shales 

83.   Coal,  visible 

88.  Dark  shales  and  concealed 

34.  Very  massive  sandstone,  Lower  Freeport , 

85.  Shales,  drab 

Cofi?,  slaty .. .  1'  O'M 
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80.   Coal  \  ^^^'^'^^'^  Kittanning  } 

i  Darlington ^ 

Mr.  Spangler's  opening  in 
Westerniwrt  hill. 


\ 


Bony  coal. ...  0'  8" 
Coal,  pyritous  1'  4" 
Slate,  hartl. . .  0'  J" 
Coal,  best. ...  2'  0"  J 


87.  Fireclay,  very  sandy 

88.  Shales  with  nodular  iron  ore 

80.  Fireclay,  impure 

40.  Flaggy  sandstone, , 

41.  Concealed 

42.  Fireclay,  very  sandy  and  impure 

48.  Flaggy  sandstone 

44.  Sandy  shales 

«.  Mai^lve  «mdatono  I  {;^;|^;j«»„^J 

40.   Coal 

47.  Dark  shales,  containing  many  fossil  plants,  I^'eoptcris 

(lefitata,  /*.  poljfmorpha,  Xeuropterisflejtnosny  JV.  acuH- 
foh'a,  Odontopteria  sp.  ?  and  many  other  common 
Coal mfamire  forms ;  also  many  nodules  of  "Kidney  " 
iron  ore,  all  seen  in  cutting  at  Davis's  bridge  (Saw 
mill  road)  opposite  Piedmont 

48.  Sandstone,  hard,  somewhat  current  bedded,  inclined 

to  be  flaggy,  weathering  in  holes,  seen  in  clifl*  to 
level  of  North  Potomac,  at  Piedmont,  Just  above  the 

C.  &P.  R.  R.  bridge.. 

40.  Dark  shales  (coaly)  and  concealed 

50.  Sandstone,  flaggy , 

51 .  Shale,  dark  olive 

52.  Coal 

58.  Fireclay,  dark,  sandy 

54.  Sandstone,  flaggy,  with  coal  streaka , 

65.   Coal » , 

50.  Shale  with  nodular  iron  ore 

57.  Shales  and  flaggy  sandstone 
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59. 
60. 
61. 
62. 
63. 
64. 
65. 

66. 
67. 

68. 
69. 
70. 
71. 

72. 
73. 

74. 


75. 


58.  Massive,  very  hard,  grayish-white  fine  grained  sand- 
stone, with  some  small  pebbles,  exhibiting  in  its 
lower  portion  between  the  layers,  at  intervals  of  2' 
to  3'  a  kind  of  imperfect  crystallization,  by  which  a 
vertical  section  through  the  layers  much  resembles 
along  the  bedding  planes  the  large  interlocking  teeth 
of  an  animal.  This  peculiar  structure  was  observed 
at  localities  2  ms.  distant,  and  seems  to  be  character- 
istic of  this  stratum  in  the  Piedmont  region.  Seen 
forming  a  long  line  of  cliffs  on  the  Maryland  side  of 
the  Potomac,  1  mile  below  Piedmont,  and  also  cap- 
ping the  summit  of  the  Front  Ridge  Allegheny  on 

the  W.  Va.  side,  2  ms.  below  Piedmont 45'  0" 

Coal  shale 5'  0" 

Concealed  with  some  shale  and  flaggy  S.  S.  visible. . .  145'  0" 

Sandstone,  massive 10'  0" 

Bituminous  shale 10'  0" 

Sandstone,  flaggy 10'  0" 

Sandstone,  massive,  whitish  (base  of  XII) 20'  0"  J 

Coal,  seen  at  roadside  along  the  Maryland  shore  of 

North  Potomac,  1  m.  below  Piedmont 1'  0" 

Sandstone,  drab 4'  0" 

Fireclay  and  shale 3'  0" 

Sandy  shale 4'  0" 

Shales,  brown,  containing  iron  ore 10'  0" 

Bed  shale 10'  0" 

Sandstone,  flaggy,  greenish-gray,  with  much  shale. . .     40'  0" 

Concealed 40'  0" 

Sandstone,  somewhat  massive,  greenish-gray 20'  0" 

Concealed,  but  showing  occasional  appearances  of  red 
shale,  and  very  probably  largely  composed  of  that      — 

material 375'  0" 

Sandstone,  somewhat  massive,  but  often  inclined  to 
be  flaggy,  greenish-gray ;  seen  in  cliffs  along  the  B. 
&  O.  R.  R.  cuts,  near  the  205th  mile  post  from  Balti- 
more, below  Piedmont 130'  0" 

76.  RedshaUs 35'  0" 

77.  Shales,  greenish,  sandy 20'  0" 

78.  Bed  shale  to  level  of  B.  &  O.  R.  R.  track  at  little  run 

76  rods  east  from  the  205th  m.  p.  from  Baltimore ...     10'  0" 

79.  Concealed. 150'  0" 

80.  Limestone,    gray,    fossiliferous,    containing  Spirifer 

keokuk,  Athyris  suh-quadrata,  Productus  cora,  Hemi- 
pronites  crassus,  and  many  Crinoidul  fragments. ...     10'  0" 

81.  Concealed,  but  probably  containing  several  layers  of 

limestone 90'  0" 

82.  Limestone,  gray,  massive 6'  0" 
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840' 

o 


83.  i?c<l  $halei  and  concealed 140'  0" 

84.  Sandstone,  coarae,  brownish,  visible 5'  0'' 

85.  Concealed 50' 0" 

80.  Limestone,  grayish -white,  no  fossils  seen 10'  0" 

87.  SilMoui  LmtitoM  (of  Stevenson  in  Faj'ette  and  West- 

moreland, Pa.),  exhibiting  a  wavy  or  current  bedded 
structure  and  giving  forth  a  metallic  resonance  when 
struck  with  hammer 80'  0" 

88.  Vfspertinf,  7^co»o>  or  iVo.  X,  consisting  of  graj*,  current  bedded, 

mostly  flaggy  sandstones,  no  conglomerates  seen,  nor  red 
shales  ;  rising  at  an  angle  of  18"^ — 30^  towards  the  S.  £.  and 
extending  along  the  B.  <&  0.  R.  H.  for  58  chains,  tlie  lowest 
layers  rising  above  R.  R.  level  38  chains  east  fVom  the  )204th 
Baltimore  m.  p.    Thickness,  about 1150' 

89.  CaUkill,  or  iVb.  IX,  consisting  of  dark  red  shales  alternating 

with  red,  and  greenish-gray  sandstones,  containing^ A  rfmain$» 
but  no  molluscan  seen  ;  rising  towards  the  S.  £.  at  an  angle  of 
25^  at  top  and  85^^  where  tlio  bottom  layers  come  up  7  chains 
west  of  the  208d  m.  p.  thus  making  a  vertical  thickness  of, 
say 1800' 

00.  Chemung,  consisting  of  alternate  layers  of  thin,  olive 
sandstones,  and  shales,  very  fossiliferous,  and  perfectly 
exi)Osed  along  the  B.  <&  O.  R.  R.  in  vicinity  of  a08d 
m.  p. ;  coming  up  towards  the  S.  £.  at  an  angle  of 
85^,  and  at  the  end  of  10^  chains  the  dip  is  in- 
creased to  45"^,  thus  giving  an  approximate  thickness 
of  Chemung  down  to  this  point  of  about 400' 

91.  Conglo9n^r<ite,   comjwsed  of  very  thin,   flat,   rounded 

quartz  pebbles,  in  a  matrix  of  coarse  rotten  stind  with 
numerous  fossil  shells  imbedded,  very  forcibly  remind- 
ing one  of  the  Venango  Lower  (Sd)  Oil  Sand  ;  thick- 
ness.     2' 

92.  Chemung  flaggy  sandstones  and  shales  continue  rising 

at  an  angle  of  45^  for  16  rods  farther  towards  the  S. 
E.  all  perfectly  exposed,  and  very  fossiliferous  ;  thick- 
ness about .200' 

98.  Concealed,  13^  chains,  at  the  end  of  which  the  strata  are  rising 
at  an  angle  of  62"^  towards  the  S.  £.  thus  making  the  interven- 
ing rock  thickness  about • 700' 

94.  Conglomerate,   a  gra3%   hard  sandstone,   containing  numerous 

layers  filled  with  flattish,  white  quartz  pebbles 40' 

95.  As  we  go  S.  E.  trom  this  point  towanl  Kej'ser,  the  n>cka  rapidly 

increase  their  dip  to  the  N.  W.  and  at  J  mile  (torn  the  outcn>p 
of  No.  04,  are  vertical ;  continuing  thus  or  even  slightly  bent 
over  beyond  the  periK»ndicular  to  the  end  of  100  chains  (1^  ms) 
fVom  No.  04.    Exposures  are  rare  in  this  interval,  as  there  are 
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seldom  more  than  5' — 10'  exposed  at  any  one  locality,  and 
these  are  in  every  case  olive,  and  drab  colored  shales.  The 
topography  also  shows  that  no  hard  nor  massive  rocks  occur  in 
this  interval,  since  on  entering  it  the  mountain  immediately 
breaks  down  to  the  S.  E.,  giving  a  broad  valley  along  the 
Potomac,  bordered  by  gently  sloping  hillocks.  The  interval 
includes  all  the  rest  of  No.  VIII,  whatever  there  may  be  of 
Portage,  Hamilton  and  Comiferou%,  and  its  thickness  cannot  be 
less  than 6000' 

96.  Oriskany  Sandstone  (No.  VII),  rises  above  the  North  Potomac 

nearly  opposite  the  depot  at  Keyser,  and  arching  up  over  New 
Creek  ridge  (mountain)  forms  the  bold  cliflF  at  Queen's  point, 
opposite  Keyser,  400'  almost  vertically  above  the  river ;  a  very- 
coarse,  brownish  sandstone,  filled  with  its  characteristic  fossils, 
Spirifer  arenostts,  Bensaelasria  ovoides  and  Platyceras  ventrico- 
sum  ;  it  comes  down  to  the  river  at  the  R.R.  cut  a  short  distance 
east  from  Keyser,  with  a  strong  south-east  dip,  but  immediately 
returning  it  comes  up  again  with  a  strong  N.  W.  dip  (65^), 
and  arching  up  passes  in  the  air  over  the  next  anticline  to  come 
down  again  along  the  (monoclinal)  crest  of  Knobby  mountain 
(*'  Knobbley  ")•     Thickness 75' 

97.  Lower  Helderhurg  (No.  VI) ;  at  top  a  gray  silicious  limestone, 

with  several  layers  of  flint  6" — 10"  thick,  interstratified  for 
about  150',  then  follow  blue  and  gray  layers  of  pure  limestone 
Tic\i\.Y  fossiliferotiSy  8trophomena  radiata,  8.  nigosa,  Pentamerus 
pseudogaleatus,  Rhynchonella  ventricosa,  SpirifermaeropleuruSy 
Atrypa  reticularis^  TentacuUtus  ornatus,  Leperditia  alta,  besides 
numerous  species  of  Favosites,  Zaphrentis,  Stromatopora,  and 
ChcBtetes,  being  very  abundant.  Very  fine  TrilohUes  are  also 
reported  from  some  of  the  quarries,  which  from  their  (reported) 
size  must  be  species  of  Asaphus.  This  is  the.  limestone  which 
was  identified  in  H.  G.  Jones's  section  as  the  Lower  Mountain 
Limestone  of  XI,  and  440'  thick.  My  measurements  make  it 
much  thicker,  however ;  it  is  finely  exposed  along  Limestone 
run  one-half  mile  S.  E.  from  Keyser ;  it  makes  the  N.  W. 
slope  of  Knobby  mountain  all  the  way  between  Keyser  and 
Cumberland,  the  upper  silicious  layers  often  forming  the  irreg- 
ular crest  of  the  same  ;  its  uppermost  300'  are  also  exposed 
under  the  great  arch  of  Oriskany  Sandstone  at  Queen's  point 
opposite  Keyser,  where  the  North  Potomac  cuts  through  New 
Creek  mountain.  The  fossils  given  were  all  seen  in  the  upper 
portion  of  the  formation.  No  attempt  was  made  to  subdivide 
the  series,  which  consists  of  limestone  throughout,  the  measure- 
ment of  which  south-eastward  along  Limestone  run  gave  the 
horizontal  distance  through  it  18  chains,  with  a  N.  W.  dip  of 
630,  which  would  give  a  thickness  of 1050' 
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08.  A  succession  of  ahalos,  marls  and  thin  ahaly  Hniestones.  with 
occasional  brown  flaggy  Si\ud8tonos  ;  near  the  centre  of  which 
occur  very  strong  saU  springs  (torn  which  conaldofable  salt  was 
formerly  manufactured,  the  whole  representing  the   SaUna 

group  of  New  York.    Thickness  about •  *  850* 

99.  (<i)  Hard  gray  flaggy  sandstone,  ^0\  then  follows 

(6)  a  succession  of  brownish  sandy  shales  with  a  few  thin  layers 
of  impure  limestone  near  the  centre,  and  two  layers  of  inm 
ore,  the  one  6"  the  other  13"  thick,  and  sei>anUed  by  10'  of 
shales,  50'  below  the  centre  ;  thickness  about  BOO'.  Then 
comes 

((»)  the  main  mass  of  the  Cfmton^  foml  iron  ore  30'  thick,  quite 
rich  in  Iron,  but  entirely  too  siliceous  ;  once  shipped  fixmi  the 
land  of  Mr.  N.  Alcalre  on  Limestone  run  by  Unlontown,  Pa., 
jmrties  to  Lemont  Furnace  and  one  or  two  In  Pittsburgh,  but 
after  a  thorough  trial  condemned  by  them  all  as  too  siliceous. 

(el)  Shales,  40'  thick. 

Tlils  whole  group  (fi,  6,  c,  rf)i  and  probably  a  portion  of  the 
overlying  850'  in  No.  98,  n»pn*sentlng  wliatever  theiv  may  bo 
of  Niagara  (if  any)  and  all  of  the  Clmton  (No.  V) ;  ontin^  thick- 
ness (a,  6,  f,  (f) 880' 

100.  Mt'dina  Snnd^tone^  (No.  IV  in  jwrt),  seen  forming  the  lowest 
rocks  in  tlie  ridge  (anticlinal)  half  way  between  New  Cn^ek 
mountain  and  Knobby  range,  the  upper  portion  riHldish  biH>wn 
to  gray  irt>n-st4vlned  sandstone,  conttUning  Anthrophi/(^u$ 
harUini  In  great  numbers,  thickness  150' ;  lower  jx^rtlon  an 
almost  snow-white,  very  hanl,  ttno  gmlned  sandstone,  s(»me 
portions  slightly  strtniked  with  Inui,  tlilckness  125' ;  finely 
exposed  on  Limestone  run,  one  mile  above  Its  mouth  where 
that  stre*un  cuts  through  the  Walker's  Uldge  axis.  This  Is  the 
stratum  which  Mr.  H.  G.  Jones  identifled  as  the  l\tcono.  or 
white  sandstone  of  X,  the  100'  sandstone  with  which  his  sec- 
tion ends  (see  Proc.  A.  P.  8.  Vol.  XIX.  No.  107.  pagi^  110). 
(On  the  B.  &  O.  U.  K.,  one  mile  west  fVom  Bnuly*s  Mills,  15 
miles  east  fk*om  Keyser  this  white  sandstone  Is  seen  In  a  11.  U. 
cut  100'  thick,  and  below  It  500'  of  drab,  brt>wn,  and  bluish 
shales  ending  In  flaggy  sandstones  at  btise.)  Entire  thickness 
of  Medina  at  Keyser  to  base  of  white  sandstone 275' 

SUMMARY. 

Carhonift'roui, 

Upper  Coal  measures  (XV) S68' 

BarriMis  (XIV)  000' 

Lower  CiHil  measures  (XIII) 208' 

Conglomerate  metisun»s  (XII) •  451'  \     8920' 

Mauch  Chunk  shale  852'^     .^^  \uyv 

Mountain  Limestone  840'  $  ^^^' ^    '^ 

Pocono  (Vespertine)  (X) 1150' 
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Devonian. 

Catskill  (IX) 1300'  ^ 

Chemung 
Portage 

Hamilton  \   (VIII) 7342'  \     8717' 

Upper  Helderburg 
(Cornlferous) 

Oriskany  Sandstone  (VII) 75'  J 

Upper  Silurian. 

Lower  Helderburg  Limestone  (VI) 1050'  ' 

Salina        ^ 

Niagara?   j-    (V) 730'  j-     2555' 

Clinton 

Medina  Sandstone    275' >  (IV) 775' J 

Medina  shales  *         500' )  (in  part) 


Total  height  of  section 15, 201' 


Photodynamic  KoteSy  m.    By  Pliny  Earle  Chase,  LL.D.,  Professor  of 

Philosophy  in  Haverford  College. 

{Read  before  the  American  Philosophical  Society,  June  17,  1881.) 

46.  Stella/r  Relations  of  the  Corona  Line  and  of  Mass. 

The  laws  of  harmonic  sethereal  oscillation,  which  fix  planetary  nodes 
within  the  solar  system  in  accordance  with  spectral  lines  (Note  37),  should 
also  be  manifested  between  stellar  systems.  Such  a  manifestation  is  found 
in  the  proportion 

12  :  (316.53+1)»  ::  460  :  46,379,800  . . .' (1) 

In  this  proportion,  the  mass  at  the  centre  of  condensation  (Earth)  is 
represented  by  1;  the  mass  at  the  centre  of  nebulosity  (Jupiter)  by  316.53  ; 
the  distance  of  a  Centauri  by  46379800 ;  the  distance  of  Earth's  nascent 
locus  (Note  45)  by  460,  or  the  cosmical  equivalent  of  the  corona  line. 
The  square  of  the  mass  varies  as  reciprocal  vis  viva,  or  orbital  vis  vita  at 
uniform  distance,  and  also  as  distance  of  orbital  projection^at  uniform 
distance  against  uniform  resistance. 

The  abscissas  of  the  stellar-solar  paraboloid  may  therefore  be  computed 
by  means  of  Sun's  semi-diameter,  Laplace's  limit,  and  the  corona  line,  as 
follows : 

v^  =  214.45  r^  -4-  497,827  =  .4307721  r^ (2) 

v^  =  2?r  r„  X  214.45*  --  31558149  =  .0006252556  r^ (3) 

g^  =  t5„»  -f-  r^  =  .0000003909446'/-o (4) 

t^  =  2vj^  ■^go  =  2203750  sec (5) 

*Seen  near  Brady's  Mills,  15  miles  east  from  Keyser, 
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L  =  914. 45r. 


M 


\(^-^\    =86.8668ro (0) 

\1  your/ 

=  (*|^Yn=  474657.  Ur, (7) 

log.  ft  =  log!  i  =  —  .7781518 

log.  t  +  log,  lOiy  +  log.  861:  =  log.  (iL)  =  1.9085100 

log.  f  +  log.  80ij+log.l59lf  =  log.  [(ai7.58)»  X  400.009]  =:^  7.0008809. 

log.  f  =  .01X55089. 

log.ij  =  —.0018046816. 

The  following  t«blo  gives  tho  logtirithmA,  both  of  the  centripetal  and 
tho  centrif\igiil  abaclssMiH.  aa  calculated  by  the  formula : 

log.  A^  =  log.  (  ±n  log.  1^  +  w»  log.  f . 

Centripetal,  Centrlfiigal, 

(!<>»•  f  +  »  l^^ff •  1?  +  w*  log.  f ),      (log.  J  —  »  log.  19  +  w«  log.  f ) 


n 


0 

—.7781518 

1 

—.7743577 

9 

—.7503678 

3 

—.7331814 

4 

-.6957086 

5 

—.6479105 

6 

—.5874430 

7 

—.5164710 

8 

-.45)43036 

0 

— ,8400JW8 

10 

—.9363776 

11 

—.1906900 

19 

.0063330  • 

18 

.1444843 

14 

,9038311 

15 

.4543749 

16 

.6961138 

17 

.800(U08 

18 

1.0031891 

10 

1.9085100 

90 

1.4950361  . 

91 

1.6597576 

99 

1.8016756 

93 

9.l4l7mH) 

94 

9.403t(H)7 

95 

9.6756070 

96 

9.0503115 

97 

3,9549114 

98 

8.5603078 

90 

8.8776006  . 

MM| 


i;8l513 

—.7707485 

—.7591409 

—.7993536 

—.6813616 

—.6901731 

—.5657883 

-.4019071 

—.4054904 

—.8084554 

— .91X)9850 

—.0800189 

.0406451  1 

.1014047 

.3443607 

.5085139 

.6838690 

.8704079 

1.0681480 

1.9770860 

1,4079913 

1,7985599  1 

1.0710704 

9.9948030 

9.4807931 

9.7(V)8305 

8.aVU593 

3,3516616 

8,  (W 13679 

8.0899609 
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Centrifugal. 

4.3143676  1 

4.6576625 

5.0121537 

5.3778413 

5.7547254 

6.1428058 

6.5420826 

6.9525559 

7.3742255 

7.8070915 

In  each  set,  the  nine  abscissas  from  12  to  20  inclusive,  and  the  nine  from 
30  to  38  inclusive,  have  no  obvious*  significance,  except  as  indicating  a 
symmetrical  division  of  the  abscissas,  into  three  groups  of  3'  each,  between 
the  star  and  the  Sun's  surface.  The  nine  from  21  to  29  inclusive  indicate 
different  planetary  influences  in  the  two  sets,  which  seem  to  be  worthy  of 
further  study.  If  we  take  the  anti-logarithms  and  divide  by  214.54,  in 
order  to  get  the  abscissas  in  terms  of  Earth's  semi-axis  major,  we  find  the 
following  accordances  : 


Centripetal. 

30 

4.2060898  ' 

31 

4.5457753 

32 

4.8966573 

33 

5.2587357 

34 

5.6320104 

35 

6.0164816 

36 

6.4121492 

37 

6.8190131 

38 

7.2370735  . 

39 

7.6663302 

n  Centripetal.        Planetary  loci. 

21  .210  i  Mercury,  .199 

22  .363  i  Venus,  .362 

23  .646  §  Earth  m.  p.,  .644 

24  1.180  I  Mars,  1.142 

25  2.209  f  Asteroid  55,  2.208 

26  4.246  f  Jupiter,  4.336 

27  8.374  f  Saturn,  8.176 

28  16.943  J  Uranus,  16.786 

29  35.178  J  Neptune,  35.040 


Centrif\igal.          Planetary  loci. 

.250  Mercury  s.  p.,  .297 

.436            "        m.  a.,  .456 

.782  Venus  s.  a.,  .774 

1.440  Mars  m.  p.,  1.403 

2.720  Asteroid  45,  2.720 

5.270  Jupiter,  5.203 

10.479  Saturn  s.  a.,  10.343 

21.382  Uranus  s.  a.,  20.679 

44.765  J  Neptune  m.  p.,  44.598 


The  foregoing  table  furnishes  the  following  indications  : 

1.  That  there  are  harmonic  influences  upon  relative  mass  and  position 
extending  from  the  stars  to  the  Sun,  of  a  similar  character  to  those  which 
are  manifested  within  the  solar  system. 

2.  That  these  are  the  only  known  and  measurable  evidences,  which  have 
yet  been  discovered,  of  inter-stellar  action. 

3.  That  the  influences  are  of  such  a  character  as  are  required  by  the  re- 
sistance of  nodes  of  great  comparative  inertia  in  a  highly  elastic  vibrating 
medium. 

4.  That  there  is,  therefore,  some  inter-stellar  medium,  to  which  the  laws 
of  elastic  action  and  reaction  are  applicable. 

*  We  find,  however,  upon  examination,  that  log.  Asg,  7.2*^0735))  is  eqaal  to 
log.  L  +  log  M.  or  log.  LM,  (1.5606894  +  5.6763800).  This  gives  four  elemen  ts  for  de- 
termining the  paraboloid,  where  only  three  are  required.  Any  three  of  the  ele- 
ments furnish  data  for  determining  the  masses  of  Sun,  Jupiter  and  Earth;  Sun's 
volume  and  density;  Laplace's  limit;  solar  modulus  of  light;  corona  line;  stel- 
lar distance  and  the  rupturing  planetary  loci. 
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5.  That  the  inter-stellar  radial  influences  are  so  modified,  by  mutual  ac- 
tion and  re-action,  as  to  become  paraboloidal. 

6.  That  the  centripetal  influences  tend  to  produce  and  maintain  nebular 
condensation,  planetary  segregation  and  orbital  revolution.* 

7.  That  the  centrif\igal  influences  tend  to  produce  and  maintain  mean 
or  apsidal  positions  for  the  condensed  planets. 

8.  That  the  harmonic  waves  are  propagated  with  the  velocity  of  light. 

9.  That  the  controlling  mass  of  the  whole  solar  system  (8un),  as  well  as 
the  subordinately  controlling  masses  of  the  extra-asteroidal  and  intn\-as- 
teroidal  belts  (Jupiter,  Earth),  are  harmonictilly  dependent  upon  the  os- 
cillations of  the  inter-stellar  medium. 

10.  That  the  corona-,  hydrogen-,  and  basic-lines  serve  to  link  cosmical 
with  chemical,  molecular,  and  other  physical  phenomena. 

11.  That  the  outermost  known  planet  (Neptune)  gives  evidences  of 
nebular  influence,  in  its  centrifVigal  as  well  as  in  its  centripetal  abscissa, 
the  centripetal  coefficient  being  the  reciprocal  of  Saturn's,  and  the  centrifu- 
gal coefllciont  being  the  reciprocal  of  Earth's  centripetal.  The  centrif\igal 
abscissa  represents  the  locus  of  a  nebular  surface  which  would  yield  plane- 
tary aggregation  in  Neptune's  orbit,  through  subsidence-collision. 

12.  That  tlie  centre  of  condensation  (Earth)  has  no  special  centrifligal 
abscissa. 

18.  That  the  centrifVigal  abscissas  for  Venus  and  Mars  point  to  early 
apsidal  sUiges  of  central  condensation. 

14.  That  Earth's  centripetal  abscissa  represents  the  locus  of  belt-forma- 
tion in  a  nebula  extending  to  Earth's  mean  rupturing  locus  (mean  peri- 
helion). 

15.  That  the  elements  of  the  controlling  paraboloid  are  all  maxima,  Tq, 
(Sun's  semi-diameter),  being  the  locus  of  greatest  gravltj\ting  energy  ;  L, 
(Laplace's  limit),  the  limiting  locus  of  greatest  i)ossible  atmosphere  ;  Ju- 
piter and  Earth,  the  greatest  and  controlling  masses  of  their  respective 
belts. 

16.  That  the  velochy  of  light  and  Sun's  mass,  upon  which  r^,  and  L  de- 
pend, are  also  maxima,  and  all  physical  phenomena  within  the  system 
should  be  in  harmonic  dependence  upon  their  mutual  actions  and  re- 
actions. 

47.  Phjf9%eal  Unitt  of  Nature, 

In  the  Philosophical  Magtizine  for  May,  1881,  Dr.  Stoney  republishes  a 
paper  on  physical  units,  which  he  read  before  the  British  Association  in 
1874,  giving  approximate  values  for  Lj,  Tj,  Mj.  More  than  five  years  be- 
fore his  original  paper  was  read,  I  had  communicated  to  the  American 
Philosophical  Society!  the  equation,  u  =:  g^t^,  in  which  u  =  velocity  of 
light,  which  Stoney  represents  by  Vj  =  3  VIII  metres  per  second  ;  g^  =  ac- 
celeration of  gravity  at  Sun's  equatorial  surface  ;  ^^  =  ^  time  of  solar  ro- 
tation. 

*See  ^,  ante,  pp.  205-8. 
fProo.  A.  P.  S.,  xl,  l(»-7. 
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Tills  pquation  furnished  the  ilata  for  computing  a  less  arbitrary  serie*  nf 
natural  iinitR,  L^,  T„,  M^.  The  British  Xautical  Almanac  gives  an  estimai^ 
of  8iin's  apparent  semi-diameter.  (r„),  wliich  makes  Eartli's  semi-aiL^ 
major  equivalent  to  214.45  r^.     Hence  we  find  (see  foregoing  note): 

y^=Y,  =  p^  =  .4307721  r,  =  3  Yin  metres. 
r,    =  .0006252556  r„  =  435443  metres. 
(i^  =  .0000003909446  r„  =  372.26  metres. 

L^  =  (  ^ '  j  r^  =.  474657. 14  r^  =  33  XTTT  metres  =  solar  modulus  of  light. 

T„  =  ^"  =  1101875  gee. 

M,  X  ^A  =•  331700  ©  =  3  XXXIH  grammes. 

Among  the  apparent  advantages  of  these  units  over  those  of  Ihr.  Stoney, 
are  the  following : 

1.  L„  is  the  height  of  a  homogeneous  aBthereal  solar  envelope,  which 
would  propagate  waves  with  the  velocity  of  light. 

3.  To  is  the  time  in  which  the  sum  of  the  solar  centripetal  acceleration? 
of  maximum  gravitation  is  equivalent  to  the  sum  of  the  solar  reaction^ 
atrainst  the  centre  of  gravity  of  all  other  cosmical  bodies^  in  the  alternate 
projection  from  and  return  towards  the  disturbing  centre  of  gravity. 

3.  Af„  is  the  controlling  mass  of  the  system,  and,  consequently,  of  all 
the  physical  phenomena  which  occur  in  any  part  of  it. 

4.  L„,  T<„  M,  can  be  estimated  more  easily  and  more  accurately  than 
Lj,  Tj,  Mj. 

5.  G^  is  the  greatest  possible  gravitating  acceleration  within  our  sys- 
tem. 

6.  Vrt  is  the  greatest  known  velocity  of  wave-propagation.  It  is  true 
that  Wheatatone'fl  unconfirmed  experiments,  as  well  as  my  own  ratio  of 
tU  rha  of  excursion  to  b»>  cim  of  propagation  (9  :  5),  indicate  greater 
possible  velocities.  But  Wheatstone  did  not  eliminate  the  influence  of  in- 
duction, and  Maxwell's  application  of  my  ratio  was  confined  to  the  excur- 
sion of  particles  through  very  narrow  limits. 

7.  All  of  those  maxima  are  eminently  natural  maxima,  and,  therefore, 
suitable  for  natural  standards. 

The  following  equations  show  the  mutual  relations  of  the  two  sets  of 

units : 

L^  -f-  Li  =  33  L. 

T„  -f-  Ti  =  33  L. 

M^^Mi=   2  XL. 

48.  Rotating  VU  Vha. 

The  photodynamic  ratio  of  the  velocity  of  light  to  the  equatorial  velocity 
of  HtcUar  rotation  is  expressed,  as  I  have  shown  (Note  34),  by  the  propor- 
tion 

Stellar  modulus  of  light  :  stellar  semi-circumference  :  :v^  :  r^ 

The  centre  of  gravity  of  the  universe  must  he  stable,  so  far  as  any  modi- 
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fj^'lnjc  ftction  of  its  constituent  bodies  is  concerned.  The  jwrticles  of  a  star 
or  nebula,  exiwwed  to  a»thereal  oscillations,  are  solicited  simultaneously 
towards  the  local  and  towartU  the  universal  centre  of  gnwity.  The  accel- 
erations, relatively  to  the  stellar  or  nebular  centre,  on  the  side  towards  the 
universal  centre,  and  the  retardations  on  the  opposite  side,  necessarily 
produce  nnation.  The  duration  of  the  rotation  must  be  such  as  to  main- 
tain cyclical  equilibrium  among  the  three  activities  of  general  luminous 
undulation,  general  gravlti\tion  and  local  gravitation. 

Equality  of  action  and  reaction  should  lead  to  harmonies  of  m  rim  and 
of  mass,  which  may  become  especially  prominent  when  there  are  two 
largely  preiwnderatlng  bodies  In  a  system,  as  In  the  case  of  Sun  and  Ju- 
piter. Their  mutual  actions  and  reactions,  being  exerted  through  a  com- 
mon radius,  are  proiwrtloned  to  their  masses.  The  mean  rw  tim  of  rotation 
being  represented  by  a  virtual  projection  of  mass  through  .4  r,  If  we  con- 
sider the  modulus  of  light  as  the  virtual  prnjection  due  to  Sun's  mass  dur- 
ing the  cyclical  disturbances  of  equilibrium,  we  may  suppose 

Sun*s  mass  :  Jupher'a  mass  :  :  Modulus  :  .4  Jupiter's  semi-axis  uutjor. 

1(U7.879  :  1  ::  474057. 14 :  453 

Jupiter's  semi-axis  major  is  5.2028x314.45  =  1115.74 ;  .4  of  1115.74  =  446.3, 

The  theoretical  projection  is,  then^fore,  1.0141)^525  times  the  mean-pro- 
jection, and  there  Is  an  exact  accordtnice,  twice  during  each  revolution  of 
Jupiter  around  the  Sun.  For,  according  to  Stockwell.*  the  secular  mini- 
mum value  of  Jupiter's  eccentricity  Is  equal  to  .0254028.  Neptune's 
maximum  eccentricity,  acconllng  to  the  s»\me  authority,  is  .0145000,  and 
^  of  the  mean  eccentricity  of  Uranus  Is  .01405H8.  These  accordances  seem 
signitlcant.  In  view  of  Jupiter's  central  nebular  position  between  Uranus 
and  Neptune,  at  their  opposition. 

40.  Further  StfUar  JirhtUons  of  Mim. 

The  paniboloidal  formula,  ir^  =r:  cyy*s"S  "^'^y  ^^^'  expn»ssed  under  the  form 
05^  =:  *  (ly  f  )••  {'*^  the  successive  terms  being  found  by  the  product  of  cor- 
responding terms  of  two  geometrical  series.  They  may,  then^tbre,  bo 
taken  to  represent  the  mutual  actions  and  tactions  of  two  co-oixllnato 
ma.'^ses,  like  Sun  and  Jupiter.  The  geometric  variations  of  density,  which 
ncconl  with  arithmetical  variations  of  distance,  suggest  the  pniportlon, 
(Note  40): 
Sun's  mass  :  Jupiter's  mass  :  :        x^        :  80  X  Jupiter's  semi-axis  mi\jor. 

1047.870  :  1  :  :  408700401  :  44200.8 

This  gives,  for  Jupiter's  theoretical  seml-axls  major,  44200.8  -*-  80  = 
1184.0,  which  is  1.017105  times  the  estimate  of  the  British  Nautical  Al- 
manac  (Note  48).  This  is  le.^s  than  the  secular  minimum  aphelion  of 
Jupiter,  so  that  the  locus  is  travei'sed  twice  during  each  revolution  of  Ju- 
piter about  the  Sun, 

*  Smithsonian  Oontrl buttons,  283,  p.  88, 

tTho  logarithm  of  .nw  boin(<  7.(M}Q8:I02,  the  absolssa  itsclfis  46870910  ro. 

rUOC.  AMER.  nilLOS.  80C.  XIX.  100.  8k,     rniNTKD  JULY,  10,  1881. 
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If  we  make  the  greatest  possible  allowance  for  uncertainties  of  data,  the 
relations  of  inter-planetary  and  inter-stellar  distances  to  the  three  import- 
ant masses,  which  are  shown  by  the  present  note  and  the  three  foregoing 
notes,  are  close  enough  to  be  very  curious,  even  if  we  could  think  them 
merely  accidental.  Inasmuch  as  they  have  been  discovered  by  a  simple 
consideration  of  the  consequences  which  ought  to  follow,  through  the 
known  laws  of  elasticity,  from  the  interruption  of  luminous  vibrations 
and  the  formation  of  nodes  by  cosmical  inertia,  they  are  more  than  curious, 
for  they  are  indicative  of  the  unity  of  energy  which  has  long  been  thought 
to  control  all  physical  manifestations. 

50.  Ha/rrnonic  Masses. 

Twice  modulus  is  the  radius  of  rectilinear  oscillation,  which  would  be 

synchronous  with  orbital  oscillation  about  a  major  axis  equivalent  to  that 

of  the  homogeneous  SBthereal  atmosphere.    The  dependence  of  modulus 

upon  solar  mass  and  radius  makes  it  probable  that  there  may  be  a  harmonic 

dependence,  of  a  like  character,  among  the  principal  planetary  masses. 

We  find,  indeed,  that  the  four  extra-asteroidal  planets  have  harmonic 

masses,  inasmuch  as  they  may  all  closely  be  represented  by  the  formula 

Sun        2  X  Modulus 
Planet  ^^ tTt *  ^  which  n  is  integral,  so  that  the  second  member 

of  the  equation  gives  four  terms  of  a  harmonic  progression. 

nvo  2M-i-nro  Computed  Values.  Authority. 

906  r^  1047.81  1047.88  =  Sun  -5-  Jupiter.         Bessel. 

271  r^  3503.  3501.6   =  Sun  -f-  Saturn. 

42  r^  22603.  22600.     =  Sun -5- Uranus.         Newcomb. 

49  ro  19374.  19380.      =  Sun -?- Neptune. 

That  these  approximations  are  not  accidental,  may  be  shown  by  com- 
paring the  probable  with  the  actual  deviations  from  exact  accordance. 

Probable.  *  Actual.  P  -»-  A. 

i  of  ^i^  =  .00027  7  -^  104781  =  .000067  4 


i  of  3ffx  — .00092 

14-^- 

35030  — .000399 

2.3 

J  of  ^V  =  -00595 

3  : 

22603  = .000133 

46 

J  of  A  =  .00510 

6-f- 

19380  — .000309 

17 

The  deviations  are  so  far  within  the  limits  of  probable  errors  of  mass 
that  the  accordance  may,  perhaps,  be  exact.  But  absolute  exactness,  in 
the  satisfaction  of  any  mechanical  tendencies  is  not  to  be  expected.  There 
are  so  many  and  so  various  modifying  influences,  in  all  cases,  that  any 
result  which  is  in  complete  accordance  with  theory  should  be  regarded  as 
more  suspicious  than  one  which  suggests  slight  perturbations  from  some 
unknown  cause. 

51.  Subordinate  Masses. 

If  "the  exception  proves  the  rule,"  we  may  find  that  the  perturbations, 
which  were  spoken  of  in  the  foregoing  note,  may  introduce  apparent  ex- 
ceptions, in  subordinate  masses,  which  are  really  confirmatory  of  the  har- 
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monic  tendonclcs  In  larger  mavsses.  Taking  the  nearest  integral  \n\lue8  of 
n  for  each  of  the  intra-asteroidal  pkneta,  we  may  construct  the  following 
com^mrative  table : 

Computed  ValueB.  Authority. 
8008500  =  Sun  ■+-  Mars.  Hall. 

881700  =  Sun  ■+-  Earth.  Chase. 

437240  =  Sun  -h  Venus.  Hill. 

4805751  =  Sun  -h  Mercury.  Encke. 

The  actual  values  of  nr^  which  would  give  the  computed  values  of 
mass,  are  .807,  2.802,  2.222,  .204.  There  is  an  approximation  to  the  inte- 
gral values  of  n,  in  the  cases  of  Earth  and  Venus,  that  of  Earth  having  the 
same  probability  as  that  of  Saturn,  2.8.  The  probability  for  Venus  is  only 
J  as  great,  or  1.15.  The  masses  of  Mercury  and  Mars  are  evidently  con- 
trolled by  some  otherlaw,  which  overrides  that  of  the  repetition  of  solar 
radial  nodes. 

52.  Beciprocal  Co^fflcienU. 

I  have  pointed  out*  the  reciprocity  between  the  coefficients  of  the 
stellar-solar  abscissas  which  Indlctite  rupturing  loci  for  Saturn  and  Nep- 
tune. This  reciprocity  is  interesting,  not  only  for  indicating  the  Inverse 
rotation  of  two  portions  of  a  primitive  nebula,  but  also  for  Introducing  the 
harmonic  ratio  of  mass.  Into  the  retrograde  portion,  which  Is  shown  in 
Note  50.    We  accordingly  have  the  two  following  pro^wrtlons  : 

cr^  :  fi^  :  :  nt^  :  tn,  :  :  7  :  0. 

In  these  proportions,  .»  represents  the  stellar-solar  abscissa,  or  rupturing 
locus ;  p,  seml-axls  mnjor ;  m,  mass ;  subscript  f,  p  «,  Saturn,  Uranus, 
Neptune. 

58.  Total  Planetary  Ma^B, 

Notes  40,  48,  40  and  52  Indicate  the  probability  of  some  photodynamlc 
Influence  In  determining  the  primitive  ratio  of  solar  (w^)  to  planetary 
mass  (m^).    On  examination  we  And 

J  modulus  :  Sun's  seml-dlamoter  :  :       m^*      :  m^. 
558707      :  1  :  :  744.155«  :  1«. 

The  following  table  gives  the  computed  masses  of  the  several  planets, 
Sun's  mass  being  represented  by  10,000,000,000. 

Encke. 

Hill. 

Chase. 

Hall. 

Bessel. 

Bessel. 

Newcomb. 

Newcomb. 


Mercury, 

2,055 

Venus, 

28,400 

Earth, 

80.148 

Mars, 

8,288 

Jupiter, 

0,548,087 

Saturn, 

2,855,887 

Uranus, 

442,478 

Neptune, 

515,000 

Sum, 

18,410,240 

Mn<tf,  p.  209. 
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Tliis  value  differs  by  less  than  J  of  one  per  cent,  from  the  above  theoreti- 
cal value.  If  the  sum  of  the  asteroidal  and  cometary  masses  is  about  §  as 
great  as  Earth's  mass,  the  accordance  is  exact.  The  additional  evidence 
which  it  furnishes,  both  of  early  photodynamic  rupturing  and  reciprocally 
rotating  influences,  (J,  f ),  may  prove  to  be  as  important  as  it  is  interest- 
ing. The  total  planetary  mass  is  very  nearly  2x7  times  the  retrogradely 
rotating  mass  of  Uranus  and  Neptune. 

54.  Atomic  Weights. 

The  close  approximation  to  integral  mass-divisors  (Notes  50,  51),  in  all 
the  known  primary  planets  except  Mercury  and  Mars,  is  like  the  atomic 
approximations  to  exact  multiples  of  the  hydrogen  unit.  This  fact,  to- 
gether with  the  many  evidences  of  tendencies  to  hsgpnonic  wave-lengths 
among  spectral  lines,  suggests  the  probability  of  harmonic  influences  upon 
atomic  weight,  as  well  as  upon  atomic  velocity. 

There  is  still  so  much  uncertainty  in  regard  to  many  of  the  atomic 
weights,  that  it  is  impossible  to  determine,  with  exactness,  the  various  sub- 
divisions of  which  any  given  element  may  be  susceptible.  It  is  evident, 
however,  that  certain  factors  enter  more  frequently  into  the  atomic  ratios 
than  could  be  looked  for  from  the  mere  laws  of  probability,  and  it  does 
not  seem  unreasonable  to  hope  for  future  light  upon  the  nature  of  chemi- 
cal combination,  from  the  study  of  mathematical  combinations. 

The  factors  which  seem  worthy  of  special  attention  are,  2,  2^  2',  2*,  3*, 
5^  7,  13.  The  combination  of  the  powers  of  2  with  prime  numbers  is 
shown  in  the  following  table  : 


2 

4 

1 

3 

5 

7 

N- 

Si 

11 

13 

C 

, 

Sc 

Cr 

8 

— 

Mg 

Ca 

Fe 

Y 

Ru,  Rh 

16 

0 

Ti 

Br 

Cd 

— 

— 

82 

s 

Mo 

— 

— 

— 

— 

The  following  groups  are  also  suggestive  : 

4x    3 

c 

4x  22 

Y 

7X    1 

Li 

7X 

26 

Ta 

4X    4 

0 

4  X  24 

Mo 

7X    2 

N. 

7X 

30 

Bi 

4X    6 

Mg 

4X26 

Ru, 

Rh 

7X    4 

Si 

4X    7 

Si 

4X  27 

Ag 

7X    5 

CI 

13  X 

3 

TT 

4X    8 

S 

4X  28 

Cd 

7X    8 

Fe 

13  X 

4 

Cr 

4x  10 

Ca 

4  X35 

Ce 

7X    9 

Cu 

13  X 

5 

Zn 

4x  11 

Sc 

4  X  45 

La 

7X10 

Ga 

13  X 

6 

Se 

4X  12 

Ti 

4x  46 

W 

7X  16 

Cd 

13  X 

8 

Ru,  Rh 

4X  13 

Cr 

4  X  50 

Hg 

7X18 

Te 

13  X 

14 

Ta 

4X  14 

Fe 

4X  51 

TI 

7  Xl9 

Cs 

13  X 

15 

Os 

4x  17 

Ga 

4  X  52 

Bi 

7  X  20 

Ce 

13  X  16 

Bi 

4x  20 

Br 

4  X  60 

U 

Bismuth,  on  account  of  the  uncertainty  of  its  equivalent,  appears  in  each 


1881,]  456  [Chase. 

group.  If  208  is  its  true  value,  it  should  be  excluded  ftx)m  the  first  two 
groups.  All  these  arrangements  are,  for  the  present,  only  tentative,  but 
I  think  that  an  increase  in  accuracy  of  determination  will  be  more  likely 
to  increase  than  to  diminish  the  number  of  indiciitions  of  this  kind. 

My  anticipation  of  a  **  ponderable  disturbance  of  equilibrium,  which 
must  give  rise  to  sethereal  oscillations  in  every  chemical  action,"  w^as  pub- 
lished in  1864*.  The  confirmations  of  that  anticipation,  by  Cooke,  Men- 
delejeff",  Meyer  and  others,  lead  me  to  hope  that  a  carefVil  consideration  of 
the  common  factors  in  different  supposed  elements  will  help  towards  t\irther 
analysis  and,  perhaps^ 'towards  the  final  discovery  of  the  laws  by  which 
all  chemical  substances  are  developed  fh)m  a  single  primitive  form  of 
matter. 

55.  A  Natural  Therfnal  Unit. 

Any  expression  for  the  mechanical  equivalent  of  heat  which  introduces 
the  degrees  of  a  thermometer-scale,  must  have  an  arbitrary  character  which 
may  interfere  with  the  ready  convereion  of  thermal  into  other  dynamic 
measurements.  Moreover,  it  may  well  be  questioned  whether  the  mass- 
factor  should  be  chosen,  rather  than  the  velocity-factor  of  m  vif^a,  as  a  unit 
of  comparison.  If  we  consider  force  as  a  representative  of  matter  in  mo- 
tion, different  kinds  of  force  would  seem  to  be  fitly  characterized  by  differ- 
ences of  velocity  rather  than  by  differences  of  mass. 

There  is  an  obvious  propriety  in  taking  water  as  a  representative  medium, 
but  there  is  no  more  need  of  considering  a  pound,  or  a  kilogram,  or  any 
other  definite  quantity,  in  ordinary  thermodynamic  investigations,  than 
there  is  in  chemical  researches.  The  three  changes  of  state  through  which 
water  passes,  represent  different  well-defined  amounts  of  work.  The 
changes  fVom  gas  to  vapbr  and  from  liquid  to  solid  do  not  involve  an)- 
esaentlal  change  of  form,  but  the  change  from  vapor  to  liquid  converts  an 
indefinitely  expansible  and  compressible  substance  into  one  which  is  but 
slightly  expansible  and  almost  incompressible.  It  thus  fUrnishes  a  natural 
thermal  unit  (c^),  which  is  a  bond  between  tendencies  to  aggregation 
and  to  dissociation  and  a  convenient  standard  for  comparison  between  the 
equal  actions  and  reactions  of  various  forms  of  energy. 

An  atom  or  quantity  sr  of  water,  in  passing  from  the  (Vising  to  the  boil- 
ing temperature,  absorbs  an  energy  suflacient  to  lift  itself  772  x  180  feet, 
or  428.54  x  100  metres.    This  represents  a  wave-  or  projectile-velocity 

f)k  =  V^'gh  =  2986.8  feet  =  .56558  miles  =  .9102  kilometres  per  second. 

56.  Weighing  the  Sun  by  th^  Thermomtter. 

In  two  wave-systems,  which  are  due,  either  directly  or  indirectly,  to  syn- 
chronous actions  and  reactions  between  two  different  masses,  the  wave- 
velocities  are  proportioned  to  the  producing  masses ;  for  v^cc  gtcc  ,^ 
OC  /A.    We  have  already  found  (Note  47)  that  the  wave-velocity  of  solar 

*Proo,  Amer.  Phil.  Soo.,  ix,  439. 
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react  ion  ajmin^t  aMhoival  *ct  Ion  {i\  T^^  Is  tho  voU>olt  r  of  \\g\\i  (r^Y  Tlww- 
fon\  if  f j^  and  r^  art?  prhwitlvoly  synchnnunis,  do^i^rnating  Kartli'*  $<Mui- 
axis  m^or  by  f>^ 

Sun*s  mass  {tt^  :  Earth V  mass  i^tt^)  i  xt^it^x  x  ^p  ^.^^  :  *5<VV(8  milo^. ,  (,l> 
If  wo  dosij^nato  Sun*s  and  Rirtirs  densities,  rosjMHMlvely,  by  ^^aud  tV 

'."*  -  VU.4.%/   ♦^^'***'^ ^-> 

Sultsthuting  (,8)  In  (^^)  wo  rtnd,  by  oluulnatlon  MwtHni  (I)  and  C*)» 

^^tV>.47^>,UX)mnos, 

n  ='f^  -i'  314.4.%    T  4Hl»d06  mllos. 

57.  Conrrrtthtltfjf  of  .VtJfwnr/  Vttih. 

Sionoy  V  notation,  with  the  nuHlilloatlons  pwi^v^od  In  Note  i**  connect* 
the  electric  and  photic  units  thn>uj;h  the  tniuatlou  ; 

f^  -  I^  -I-  T^  =  I  ^  i  —  e  <   K  =  CO  -^  c)i  c-=  (r  f-  l\)K 

The  jsravitatln^t.  photic,  thermal  and  eU^ctric  units  are.  lheret\)re,  inter- 
ct^nvertible  by  the  eiiuatiou 


/•• 


G^  T^  —  f^  =      f^  =  f»  -t  l5^n, 751.0  miles  •=:  308,»a0  kilometrt^ 

/«« 

It  stH^ms  pn>lwble.  In  view*  of  the  mean  r\\«iult  of  my  other  physical  in- 
vest ijr?u ions,  that  the  alnnn^  values  of  ft^  antl  f>^  may  l>e.  n^|>ectivt^ly, 
alnnit  one  ^n^r  cent.,  and  |  of  one  |H»r  ctnit.,  t«H>  small.  If  the  calorie  autt 
J  were  estlmattHl  at  the  wpiator,  the  approximation  would  prx>bably  b« 
still  cUv^erand.  |H>rhaiv*,  exact. 

The  Infinitely  pr\>jectile  or  mdiating  t^wer  of  a  cent  ml  mass  ntrte®  a$ 


i  »i 


\  il  i/r  OC  V     .    When  the  ci>n\ivirisou  of  mutual  si>lar  and  terrestrial  ac- 
tions and  reactions  is  made  throu^tfh  their  ixnumon  radius  or  semi-axis  m^or» 

\      OC  I  /»oc\  ^    As  fw  is  the  thermal  equiv^Uent-veU>city  at  Earth*s 

surfiuH*  for  tlHV^  0.,  we  may  Infer  that  the  mean  radiatiivff  temi^eratuiv, 
at  Sun^ssurfiu^.  Is^i,  x  UXV  x  \  }WH.4>4  :r2^7.7«9  y  57;W^  =  -  158^%^V 


^ 


0.    The  tenipen^ture  devUnxnl  fhim  Suu*s  semi-diameter  (r^>  Is  j,^^^  ^^  ^^ 

r=  l6H84aiK  0..  iH^lnjt  I.OjW  times  the  v^Uue  which  Is  indii^ttnl  by  the 
mutual  actions  and  reactions  of  solar  and  terrestrial  mass.    This  appn^xl- 
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luation  would  be  very  sntisfactory,  even  without  attempting  to  account 

for  the  discrepancy.    It  is  of  tlio  same  onler  of  magnitiulo  as  the  orbital 

projections  of  the  planets,  and  it  represents,  very  clt)sely,  the  «w  vica  of 

Jupiter's  secular  apsidal  oscillation.     For  the  ordinary  thermal  equivalent 

varies  as  the  square  of  the  corresponding  velocity,  or  as  the  fourth  power 

of  orbital  velocity.    The  tourth  power  of  1.0807  is  1. 1387  ;  Jupiter's  secular 

1.00083 
«M  vioa  of  projection,  according  to  Stockwell,*  is    nooi  w  =  1.1296. 

50.  I^frnianeficy  of  Standards, 

The  three  controlling  masses,  at  the  nebulous  centre,  the  nucleal  centre, 
and  the  centre  of  condensation,  exert  a  combined  thermodynamic  influence 
which  may  lend  interest  to  a  closer  examination  of  the  several  interconver- 
tible standards  (Note  57).  It  is  note  worth)',  at  the  outset,  that  they  are 
all  maxima  ;  G^  representing  the  greatest  gravitating  energy  in  the  solar 
system  ;  T^,  the  cyclical  time  of  maximum  disturbance  of  the  centripetal 
tendencies  of  G^ ;  f;^  =  r^  the  greatest  known  velocity  of  wave-propaga- 
tion ;  /i^,  the  greatest  mass  in  the  solar  system ;  ;ji„  the  mass  which  exer- 
cises tlie  greatest  local  influence  upon  the  physical  phenomena  which  are 
susceptible  of  the  most  minute  observation  ;  r^,  the  greatest  thermal  range 
between  the  centripetal  and  centrifVigal  forma  of  the  most  widely  diffused 
and  most  important  body  which  is  well  known  in  the  three  states  of  solid, 
liquid  and  gas  ;  L^  =r=  G^  T^*,  the  sum  of  the  accelerations  of  G<,  during  T^. 
The  law  of  conservation  of  areas,  as  well  as  the  law  of  constancy,  re- 
quires that  G,  should  vary  inversely  as  T^,  in  all  stages  of  solar  nebular 
condensation.  The  photic  unit,  i\,  on  account  of  the  abundant  evidence 
of  its  universal  activity,  as  well  as  on  account  of  the  laws  of  equal  action 
and  reaction,  and  of  the  inverse  variability  of  elasticity  and  density  in  ho- 
mogeneous media,  is  presumably  invariable.  The  thermal  unit,  r^,  is 
practically  constant,  but  Its  dependence  upon  n^lationsof  mass  which  may 
be  subject  to  slight,  though  Inappreciable,  .variations,  subordinates  it  to  the 
pliotic  unit.  The  electric  unit,  r,,  being  identical  with  the  photic  unit,  the 
question  arises,  which  of  the  two  should  be  regarded  as  primary,  and  which 
as  secondary.  Do  not  the  facts  that  light  Is  unlvei*s«U,  while  the  various 
electrical  units  represent  local  relations,  indicate  the  proper  answer? 

60.  Ilfat  and  ElMHcity, 

The  probability  of  arriving  at  the  unity  of  force  through  the  study  of 
lethenMil  oscillations,  was  Indicated  by  me  In  1864.t  The  special  relations 
of  electricity  to  heat,  which  Edlund  subsequently  discussed  with  great 
ability  and  ftillness,  are  shown  by  the  proportions, 

(I         e  /C  It        lA 

T=  K  =\c  =\li  =  T,/  -^'-Mo-Ai.- 

C  :  c  t'k"  :  :  r  :  R  r,t*  :  :  /tt^»  :  /i,*. 

•  Rmlthsonlnn  Contributions,  2%2,  p.  88. 
t  Proc  Am.  Phil.  Soo.,  ix,  856-00, 
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61.  PhotO'thermal  Unit. 

Since  temperature  varies  as  the  square  of  the  velocity,  we  have, 

v^      :         v^*       :  :  lOQO  :      x. 
.56558'  :  185,751.6»  :  :  lOOO  :  10786240000000O. 

The  corresponding  projectile  abscissa  may  be  found,  in  terms  of  Sun's 
semi-diameter,  by  multiplying  by  1389.6  and  dividing  by  r^,  (Note  56); 
1389.6  X  10,786,240,000,000  ---  (431,206  X  5280)  ==  6583265  ;  log.  6583265 
=  6.8184413.  This  agrees,  within  less  than  ^  of  one  per  cent.,  wuth  the 
photodynamic  determination  of  the  third  centripetal  abscissa  in  the  stellar- 
solar  paraboloid,  (log.  A„  =  6.8190131,  Note  46). 

62.  Th&rmo-gramc  Fardboloid. 

By  taking  J  r^,  f  L,  and  Ayj  as  the  paraboloidal  elements,  we  substitute 
the  thermal  for  the  photic  aspect  of  the  aethereal  waves  and  are  enabled  to 
compare  gravitating  actions  with  thermal  reactions.    We  thus  find. 

Log.  y^  =  —.001788316 
Log.  f  =  .0055973414 

The  closeness  of  agreement  between  the  photic  and  thermal  abscissas  is 
shown  by  the  following  comparisons  : 

Locus.  Photic.  Thermal.  Difference. 

Aa    i    Mercury,        1.6527576        1.6527216*      .0084ofl  per  cent. 
Aa,    i    Neptune,        3.8776006.       3.8773517        .0578     " 
A39     a    Gentauri,        7.6663303        7.6656606        .156      " 

The  greatest  difference  is,  therefore,  less  than  \  of  one  per  cent.  The 
photo-thermal  unit  (Ajg  =  L  M,  see  Note  46),  is  intermediate  between 
the  photo-gravic  unit  (A37),  and  the  stellar  locus  (A39).  We  have  thus 
five  elementary  loci  where  only  three  are  required.  By  equations  of  con- 
dition we  ought  to  be  able  to  determine  all  the  values  which  are  involved, 
with  much  greater  accuracy  than  will  ever  be  possible  by  astronomical 
observations. 

63.   Unity  of  Farce. 

The  belief  that  all  forms  of  force  are  modifications  of  one  fundamental 
energy,  is  as  old  as  the  oldest  Greek  philosophy,  but  no  approximation 
towards  a  demonstration  of  the  belief  seems  to  have  been  made  until  Rum- 
ford  performed  his  experiments  at  Munich,  in  1798.  During  the  present 
century,  the  undulatory  theory  of  light  has  commanded  a  general  accept- 
ance, the  science  of  thermodynamics  has  been  largely  developed,  and  Tyn- 
dairs  works  have  made  the  reading  world  familiar  with  the  proofs  that 
heat  is  a  mode  of  motion.  Stephenson  taught  that  the  energies  of  sunlight 
were  stored  in  vegetable  growths  and  in  coal-beds;  Herschel  called  attention 
to  the  enormous  elasticity  of  luminiferous  ather  and  to  the  Sun's  rays  as 
*'  the  ultimate  source  of  almost  every  motion  which  takes  place  on  the  sur- 
face of  the  earth  ; "  Titius,  Bode,  Alexander  and  Kirkwood,  presented  evi- 
dences of  law  in  planetary  arrangement ;  Peirce  and  Hill  found  aimilar 
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evidences  in  times  of  planetary  revolution ;  Faraday  strove  in  vain  to 
reconcile  the  law  of  gravitation  with  the  theory  of  conservation  of  energy  ; 
Weber  and  Kohlrausch  introduced  a  general  kinetic  notation  and  found 
the  importance  of  the  velocity  of  light  in  electrical  phenomena  ;  Faraday 
discovered  the  magnetic  influence  upon  light  and  Sir  William  Thomson 
stated  that  "the  explanation  of  all  phenomena  of  electromagnetic  attrac- 
tion or  repulsion,  and  of  electromagnetic  induction  is  to  be  looked  for 
simply  in  the  inertia  and  pressure  of  the  matter  of  which  the  motions 
constitute  heat ;"  Maxwell*  considered  magnetic  force  as  the  effect  of  the 
centrifugal  force  of  vortices,  electromagnetic  induction  as  the  effect  of  the 
forces  called  into  play  when  the  velocity  of  the  vortices  is  changing,  elec- 
tromotive force  as  arising  from  the  stress  on  the  connecting  mechanism, 
and  electric  displacement  as  arising  from  the  elastic  yielding  of  the  con- 
necting mechanism. 

64.  BeelamaUon, 

In  1863,  I  began  a  systematic  series  of  investigations,  in  the  hope  of 
verifying,  by  numerical  measurements,  some  of  the  supposed  consequences 
which  seemed  to  flow  from  the  foregoing  researches  and  hypotheses,  and 
of  finding  new  clues  to  the  values  and  relations  of  the  fundamental  ele- 
ments of  physical  energy.  The  division  of  forces  into  attractive  and  repul- 
sive, as  well  as  the  equality  of  action  and  reaction  led  me  to  the  study  of 
the  laws  of  elasticity  and  their  influence  on  undulatory  and  cyclical  mo- 
tions. In  my  first  paperf  I  called  attention  to  the  effects  of  cyclically 
alternating  acceleration  and  retardation  during  rotation  or  revolution. 
In  the  course  of  the  seven  following  months,  I  pointed  out  various  rela- 
tions which  seemed  to  have  been  previously  unnoticed,  between  heat, 
gravitation,  electricity  and  magnetism,  showing  that  many  of  the  phe- 
nomena could  be  imitated  and  explained  by  the  mechanical  propagation  of 
vibrations.  The  tendencies  to  equilibrium  between  gravitating  pressure 
and  sethereal  elasticity,  the  necessary  production  of  continual  oscillations 
by  opposing  forces,  the  possibility  of  accounting  for  gravitation,  electricity 
and  magnetism  by  such  oscillations  moving  with  the  rapidity  of  light, 
were  all  discussed  during  this  period. 

65.  Musical  Rhythm. 

Fourier  (Note  33)  seems  to  have  first  given  a  mathematical  demonstra- 
tion of  the  necessity  that  cyclical  motions  should  be  also  rhythmical.  If 
the  luminiferous  aether  is  anything  more  than  a  hypothesis,  which  helps  to 
explain  an  indefinite  variety  of  phenomena,  the  tendency  to  the  produc- 
tion of  harmonic  nodes  in  elastic  media  must  greatly  multiply  the  rhyth- 
mical manifestations,  both  cosmical  and  molecular.  Some  of  those  har- 
monies have  long  been  known,  their  discovery  having  been  apparently  the 
result  of  accident,  or  of  a  happy  guess.  The  number  which  will  hereafter 
be  made  known  will  depend,  in  large  measure,  on  the  skill  with  which 

*  Electricity  and  Magnetism,  11. 417. 
t  Proc.  Am.  Phil.  Soc,  ix,  285,  Dec.  1863. 

PROC.  AMER.  PHILOS.  SOC.  XIX.  109.  3P.      PRINTED  JULY  16,  1881. 


CJhaae.]  460  [june  17, 

lines  of  Investigation  are  guided  by  an  understanding  of  the  uifiuences  and 
consequences  of  elastic  action  and  reaction. 

06.  Mass,  Distance  and  Time, 

Laplace  regarded  force  as  proportional  to  velocity,  treating  momentum, 
or  the  product  of  mass  by  velocity,  as  the  result  of  force  acting  on  mass. 
He  defined  velocity  as  **  the  ratio  of  the  space  to  the  time  employed  in  de- ' 
scribing  it.'*    More  recent  writers  consider  force  as  equivalent  to  vis  viva, 
involving  both  matter  and  motion,  and  represented  by  one-half  the  pro- 

duct  of  mass  by  the  square  of  velocity,  -s" .  Often,  however,  they  fol- 
low Laplace  in  treating  velocity  as  a  ratio,  designating  distance  or  length  i 
by  I,  and  time  by  t.  The  symbols  m,  I,  t,  therefore,  are  applicable  in  all  "^f 
discussions  of  force,  and  their  use  has  paved  the  way  for  a  ready  accep- 
tance of  any  evidence  which  may  be  adduced  respecting  the  substantial 
unity  of  force.  The  fluctuating  and  arbitary  values  which  have  been 
assigned  to  the  symbols,  and  the  lack  of  any  universally  recognized  stand- 
ards of  measurement,  have  obstructed  the  discovery  of  evidence  without 
weakening  the  belief  in  kinetic  unity.  Even  the  recognition  of  a  com- 
mon velocity,  in  light  and  electricity,  seems  to  have  led'  to  no  systematic 
search  for  common  standards  of  length  and  time. 

67.  Maxima,  Minima  and  Means, 

In  all  ordinary  investigations,  in  any  special  department  of  dynamics, 
we  deal  with  observed  values  which  have  a  limited  range,  with  a  view  of 
finding  the  most  probable  mean.  In  the  study  of  forces  which  vary  in 
accordance  with  known  or  supposed  law,  minimum  or  vanishing  values  A 

claim  special  consideration.  For  a  full  understanding  of  any  force  we 
must  also  know  the  greatest  energy  of  which  it  is  capable,  or  of  which  we 
can  obtain  any  practical  experience.  If  we  wish  to  compare  ditferent  kinds 
of  force,  in  order  to  ascertain  the  character  of  supreme  and  controlling 
energy,  it  seems  especially  important  that  we  should  turn  our  attention, 
at  the  outset,  to  the  greatest  manifestations  of  each  of  the  elements  of 
energy,  m,  I,  t 

68.  Light  and  Electricity, 

For  a  long  time,  little  was  known  of  electricity  except  the  phenomena  of 
attraction,  repulsion,  and  luminous  manifestation.  Faraday's  want  of 
success  in  searching  for  some  bond  of  union  between  electricity  and  grav- 
itation, deterred  others  from  continuing  the  search.  The  undulatory 
theory  of  light  enabled  Weber  and  Kohlrausch  to  make  their  first  deter- 
mination of  a  velocity,  which  serves  to  connect  many  electrostatic  and 
electromagnetic  phenomena,  and  which  is  of  the  same  order  of  magni- 
tude as  the  velocity  of  light,  «^ .  Their  subsequent  investigations,  together 
with  those  of  Thomson,  Maxwell,  Ayrton  and  Perry,  showed  that  the  two 
velocities  are  not  only  of  the  same  order  of  magnitude,  but  that  they  are 
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probably  identical,  so  that  light  and  electricity  may  be  properly  regartied 
as  different  modifications  of  a  more  fVmdamenttil  energy.  Their  common 
velocity  is  the  greatest  known  velocity  of  wave-proiwgation,  and  we  are 
thus  further  encouraged  to  the  study  of  maxima  as  indications  of  kinetic 
unity.  The  elements  I,  t,  and  m  are  still  arbitrarily  assumed  in  electrical 
treatises,  notwithstanding  the  suggestlveness  of  the  well-known  equation 

of  wave- velocity,  «  =  |/2  gh* 

69.  Electrostatic  and  Electromagnetio  DimeMioM. 

Although  arbitrary  values  have  boen>  assigned  to  m,  I  and  ^  in  electrical 
discussion,  the  siuue  values  are  generally  assumed  in  electrostatic  and  elec- 
tromagnetic comparisons.  It  has  thus  been  found  that  the  ratio  between 
the  two  systems  is  the  velocity  of  light  for  quantity  of  electricity,  electric 
current,  magnetic  potential,  electric  displacement,  surface  density,  mag- 
netic force,  strength  of  current  at  a  point,  quantity  of  magnetism,  electro- 
kinetic  momentum  of  a  circuit,  line-Integral  of  electnmiotive  fim*e,  mag- 
netic Induction,  electromptive  force  at  a  point,  and  vector  potential.  The 
ratio  is  the  square  of  the  velocity  for  electrostatic  or  electromagnetic  capa- 
city, dielectric  or  magnetic  Inductive  cajwcity,  conductivity  and  K\<iiat- 
anco.  The  product  of  these  two  ratios  by  mass,  furnishes  Indic^itions  of 
momentum  and  vm  cioa  which  will  doubtless  bo  usefUl  In  many  general 
kinetic  comparisons. 

70.  ITtat  and  Grantation. 

The  direct  opposition  of  tendencies  in  hoiU  and  gravitation,  the  former 
being  centrlfVigal  and  the  latter  centripetal,  leads  to  an  easier  and  more  di- 
rect means  of  comimrlson  between  the  two  energies  than  has  been  found 

ml 
in  the  case  of  light  and  electricity.    But  the  adoption  of  tnh  or  -^  -,  as  the 

mechanical  equivalent  of  heat,  leaves  the  relation  of  gravitation  out  of 

view,  and  it  is  not  readily  seen  until  wo  find  that  mh  =         ^  \  /  /  • 

Even  then,  the  foot-iwund  and  second,  or  the  kilogrammetre  and  second, 
are  such  arbitrary  values  that  there  is  no  indicutlon  of  any  uniform  stand- 
ard like  the  velocity  of  light.  We  see,  on  fVirther  extuninatlon,  that  our 
knowledge  of  heat  Is  wholly  derived  fVom  phenomena  at  the  Earth's  sur- 
face, where  terrestrial  gravitation  Is  a  maximum,  and  we  are  thus  led  to 
accept  Earth's  mass  as  a  fitting  natural  unit  of  mass  in  thermoilynamic 

2  m 
questions,  especially  in  all  questions  which  involve  t he  fiictor  - -- -.    In  ortler 

to  reach  kinetic  unitv,  some  values  should  be  found  for  I  and  t  which  can 
be  presented  under  some  simple  relation  to  the  velocity  of  light. 

71.  Central  Energy  of  the  System. 

We  are  now  somewhat  prepared  to  appreciate  the  reasoning  of  Ilerschel 
and  Stephenson,  In  referring  all  terrestrial  energies  to  the  Sun,  and  to  ac- 
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cept  Mo  and  G^,  or  Sun's  mass  and  superficial  gravitation,  as  standards  of 
comparison  between  Sun's  centripetal  and  centrifugal,  or  gravitating  and 
radiating  energies.  The  Sun  itself  is  subject  to  the  paramount  control  of 
universal  mass  and  gravitation.  Althougb  we  have  no  means  of  finding 
their  absolute  or  relative  value,  we  may  symbolize  them  by  M„  and  G^  and 
thus  seek  for  standard  values  of  L^  and  T^.  Every  particle  of  the  Sun  is 
continually  solicited  by  G^  and  G„,  and  their  varying  solicitations  can  be 
compensated  only  by  cyclical  alternations  of  rise  and  fall,  from  and  to- 
wards the  universal  centre  of  gravitation,  c^.  In  order  that  Sun's  mass  may 
be  stable,  the  sum  of  the  tendencies  of  G^,  must  be  equal  to  the  sum  of  the 
tendencies  of  G„,  during  each  half-rotation.  A  solar  half-rotation,  therefore, 
may  be  taken  as  a  natural  standard  value  for  T^ ;  then  the  equation  M,  H„  = 

"g7  X  V  T;)  ^^""^^  ^o  =  ~V^'  *"^  Lo  =  3  H, = G,  T,2  as  a  correspond- 
ing  natural  standard  of  length  and  distance. 

72.  Standard  Kinetic  Modulus, 

If  we  examine  the  equation  which  we  have  found  in  the  foregoing  note 
for  the  natural  unit  of  length,  we  find  that  H^,  represents  the  height  of 
virtual  fall  which  would  give  a  velocity  equivalent  to  G^  T^,  and  L„  is  the 
height  of  a  homogeneous  elastic  atmosphere  which  would  have  a  velocity  of 

wave-propagation  equivalent  to  rfr  =  G^  T^  =  G^  T^,  the  actions  and  re- 

actions  of  G^  and  G^  being  equal.  But  the  elastic  atmosphere,  in  which 
these  actions  and  reactions  take  place,  is  the  universal  sethereal  medium, 

and  its  velocity  of  wave-propagation,  ^r,  is  the  velocity  of  light.     The  re- 

lations  of  heat,  mass  and  gravitation,  therefore,  lead  us  to  the  same  funda- 
mental velocity  as  the  relations  of  the  electrostatic  and  electromagnetic 
systems,  and  the  same  velocity  as  the  solar  radiations  which  are  variously 
modified  so  as  to  produce  the  phenomena  of  light,  heat,  electricity,  mag- 
netism and  actinism.     Our  knowledge  of  the  significance  of  the  electrical 

unit  is  thus  extended,  so  as  not  only  to  include  the  ratio  rt,  but  also  to 

show  that  the  natural  standard  units  of  mass,  length,  and  time  are,  re- 
spectively, M<,  =  Sun's  mass ;  L^  =  standard  kinetic  modulus,  or  Solar 
modulus  of  light ;  T^  =  half-time  of  solar  rotation,  or  time  of  cyclical 
equality  of  action  and  reaction  between  solar  inertia  and  sethereal  undula- 
tion. 

73.   Variable  Units. 

In  comparing  arbitrary  and  variable  units  with  the  maximum  standards, 
we  have  generally  to  deal  with  fractional  values.  In  uniform  velocities, 
like  those  of  light,  electricity,  and  primitive  kinetic  radiation,  { oc  ^ ;  in 
variable  velocities  which  are  due  to  centripetal  or  centrifugal  radiation, 
like  those  of  gravitation  and  heat,  2  oc  <*.    Maxwell*  gives  electric  di- 

•Op.clt.,li,je20-9. 
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mensioQS  and  formulas  which  ctin  be  readily  converted  into  standard  kin- 
etic units  ;  gravitating  formulas  can  be  similarly  converted  through  the 

correlations,  jf  oc  -«  OC   r,  y^groc  I'r)  ;  thermal  formulas,  through  the 

correlations,  to  oc  [ih]  Aoc  [m]  d'oc  [w]  -^. 

74.  Complex  Variability, 

Any  variable  unit  may  be  dependent  ui>on  some  other  variable  unit, 
and  different  values  of  in,  { and  t  may  thus  be  involved  in  the  same  ex- 
pression. It  is  necessary,  therefore,  that  the  significance  of  every  variable 
symbol  sliould  be  fViUy  understood  before  undertaking  to  convert  it  into 
terms  of  the  corresjwnding  standard  unit.  For  example,  in  the  thermal  and 
electric  formulas,  [m]  refers  to  the  mass  which  is  lifted  against  the  constant 
pull  of  gravity,  while  in  thermal  formulas  i?,  {  and  t  also  introduce  con- 
siderations which  are  dependent  ujwn  the  centripetal  energy  of  Earth's 
mass,  »»5,  at  a  constant  distance.  The  conversion  of  thermal  into  standarti 
formulas,  therefore,  requires  due  attention  to  the  ratios  both  of  [w]  and 
wij,,  to  Mq.  In  such  cases  it  may  often  be  well  to  introduce  a  second  nat- 
ural unit,  which  can  be  simply  derived  firom  the  standard  unit,  as  in  the 
deduction  (Note  56)  of  the  terrestrial  thermal  unit  of  velocity  fVom  the 

solar  unit  of  luminous  velocity,  t>^  =  ^  j   Vo  =  *»h  Mi"*  L^  T©"*. 

75.  Notation  and  ApproxinMte  Values, 

Let  r.  =  Sun's  apparent  semi-diameter  =*  961."83 2.0830990 

n  =  r  -H  r^  =i=  214.45 2.3313201 

r^  =  Sun's  semi-diameter  =i=  431,208  miles 5.6346866 

p^  =  Hro=Earth'8seml-axis  major  =5=92,472.500  miles.. 7.9660127 
r,  =  Earth's  semi-diameter  =*=  i^962.8  miles 3.5080022 

p^  =  Sun's  imrallax  =  !l-?  =i=  8.  "8302 0464140 

<^  =  2  IT  (ro  G^"»)*  =  1  year  -h  n*  =^  10040  seconds. .  .4.0021223 

«,  =  2  r  (r,  gf^)^  =5=  5073-.6 3.7053158 

d^  d^=z  density  of  Sun,  Earth 

^==  (J^^  =i=  .25401 T.4003870 

(2  T  \S 
^  -;^  V  ^  30.3058  r, 1.5000034 

Vo=  ^^  =  ^,H- 407. 827  =i=. 4307721  ro=velocity  of  light.T.  6342476 
to  =  2  ff  r,  ■+.  /„  =±= .  0006252556  r, T.  7060576 

f>^  =  (2  flr,  X  18a  J  -i-  1  lb.)*  ^  .56558  miles T. 7524040 

^yearly  equal.   The  right  hand  column  oontains  the  approximate  logarlthma. 
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g^  =  32.088  ft,  =  .00e0773mae8 T.  7837087 

G,=  V-+-r,  =  . 0000003909446  r^ T.5921152 

T«  =  V.  -4-  G^  =i=  1101875  seconds 6.0421324 

L.=  Vo  T^  =  (V.H-0*r.  =  474657  r, 5.6763800 

M,=  V.-^t>k  =  Vd.-f-r,»d,  =  328438i», 5.5164402 

Substituting  the  value  of  r,  we  find, 

l^  =  15,681,230  miles 7.1953800 

Vo  =i:  lai,  752  miles 5.2689342 

f>^  =£=  269.615  miles 2.4307442 

Go  =  890.1  ft.  ztz  .16858  miles T.2268018 

L^  =±=  2218.87^,  ==  73.67  Neptune's  semi-axis  major  = 

204,675,900,000  miles 11.3110666 

76.   Vis  viva  of  Wa/t)e  Propagation, 

In  1857,  Professor  Stephen  Alexander  announced  to  the  American  Asso- 
ciation the  approximate  equality  of  mcP  in  the  two  planets,  Jupiter  and 
Saturn,  which  make  more  than  |f  of  the  aggregate  planetary  mass  in  our 
system.  lie  also  showed  that  the  mean  distance  of  Saturn  is  nearly  equiva- 
lent to  {  of  Jupiter's  mean  distance,  and  that  the  ratio  |  has  been  largely 
influential  in  planetary  distribution.  In  1872,  I  showed*  that  the  same 
ratio  may  be  deduced  from  the  thermal  energy  of  chemical  combination, 
representing  the  ratio  of  mean  vis  viva\  of  oscillating  particles  to  vis  vita 
of  wave  propagation.  In  1877,  Maxwell  and  PrestonJ  published  the  same 
ratio,  without  seeming  to  have  known  that  I  had  already  deduced  it  from 
the  laws  of  kinetic  oscillation  in  elastic  media.  Its  importance  in  discus- 
sions of  kinetic  unity,  is  evident  from  the  fact  that  it  is  alike  operative  in 
the  establishment  of  cosmicalg  and  of  molecular  harmonies. 

77.   Conical  Pendulums. 

The  tendencies  to  concentration,  through  the  mutual  attractions  of  par- 
ticles which  are  subjected  to  a  simultaneous  linear  projection,  and  other 
combinations  of  tendencies  to  uniform  and  to  variable  velocities,  lead  to 
many  oscillations  which  follow  the  laws  of  conical  pendulums.  It  is 
therefore  important,  in  investigations  which  involve  cyclical  elastic  action, 
to  inquire  what  forms  of  pendulum- vibration  will  best  fulfil  the  require- 
ments of  Fourier's  theorem.    The  general  formula  for  the  velocity  of  a 

conical  pendulum  is,  

V  =  \/gr  sin  0  tan  0, 

Hence,  since  t  =  27tr  sin  0  -^v,  we  find 


t  =  27r  V—  tan  0. 


•  Proc.  Am.  Phil.  Soo.,  xll,  392-4. 
t  lb.  foot  note. 
t  P.  Mag.  [5],  111,  453;  Iv.  209. 
I  Proo.  A.  P.  S.,  xii,  403-^  et  aeq. 
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This  is  equivalent  to  twice  the  time  of  vibration  in  a  simple  pendulum 
of  the  same  height,  (cos  o)»  or  to  the  time  of  vibration  in  a  linear  pendulum 
of  four  times  the  height.  The  requirements  of  vis  mra,  synchronism,  and 
the  conversion  of  wave-propagating  velocity  into  velocity  of  oscillation 
under  central  action,  are  all  satisfied,  as  I  have  shown  in  my  discussions  of 
explosive  energy  (Note  16,  et  al),  by  combining  the  ratios  of  this  and 
the  foregoing  note,  j^  X  )• 

78.  Standard  TemperatureB. 

In  thermodynamic  deductions  and  comparisons,  it  is  often  important  to 
decide  what  temperature  should  be  taken  as  the  standard.  Whenever  a 
sufficient  number  of  kinetic  values  have  been  deduced  for  the  natural 
units,  M^  L^,  T^  the  introduction  of  conditioning  equations  may  help  us 
to  much  accurate  and  uscfVil  knowledge  which  will  lead  to  greater  pre- 
cision in  many  details  of  molecular  physics.  The  present  mnge  of  uncer- 
tainty may  bo  estimated  by  examining  the  influence  of  two  different  possi- 
ble standards  upon  the  results  of  Note  10.  The  combining  calories  appear 
to  have  been  observed,  in  each  instance,  at  the  temperature  of  15^  C.  To 
reduce  the  mean  to  0^,  we  have 

H,  =   2  X  15  X  8.409    =    102.27 
O  =  16  X  15  X    .2175  =      52.20 


Total  deduction         =    154.47 

Leaving  68886  — 154.47  =  68731.58  calories 

1889.6 
4  X  J  X  i  X  68781.53  X  -^^^^j  =  279.15  miles  =^1. 

On  the  other  hand,  if  wo  take  the  moan  between  tho  feezing  and  boiling 
points,  as  in  Note  75,  we  find 

68886  +  }J  of  154.47  =  69246.43  calories,  representing  h^  =  281.24  miles. 

hi  gives  m,  =  882,693  m^;  nr  =  92,871,000  miles. 
7^  **  m^  =  828, 989  m^ ;  nr  =  92, 525, 000  miles. 
Note  75    m^  =  828.438  m^ ;  nr  =  92.472,500  miles. 

79.  Fii4itorB  of  Via  Viva, 

Although  ordinary  kinetic  investigations  involve  considerations  both  ot 
mass  and  velocity,  the  equality  of  action  and  reaction  furnishes  data,  in 
many  cases,  for  dispensing  with  one  of  tho  throe  kinetic  units.    For  ex- 

ample,  the  equation  of  circular  orbital  revolution,  v  =  y/gr  :=  -v  -,  may 

be  put  in  the  form  -j  =  — . —  =  —  ^   ,  and  we  may  use  either  of  the 

equivalent  values  without  vitiating  our  results.     Tho  meaning  of  the 
mass-factor  is  especially  obscure  in  the  "dimensions  of  electric  units,"  but 

when  we  see  that  m  Is  regarded  as  the  product  of  electrostatic  m^  by  elec- 
tromagnetic tn^  and  when  we  remember  the  importance  of  Ampere's 
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theory  of  currents,  we  are  reminded  of  the  orbital  equations,  and  if  we 
still  think  of  mass,  it  is  only  because  we  have  learned  to  regard  mass  as  a 
necessary  element  of  force.  If  we  look  still  further,  and  see  that  the  pro- 
duct of  two  masses  must  be  considered  in  order  to  secure  strict  accuracy 
in  the  determination  of  orbits,  we  can  find  no  good  meaning  for  the  square 
root  of  a  mass.  But  if  electric  phenomena  are  simply  the  result  of  oscilla- 
tions in  the  luminiferous  aether,  which  represent  the  actions  and  reactions 
of  Inertia  and  elasticity,  we  may  reasonably  look  for  analogous  phenomena 
in  cosmical  arrangements. 

80.   Cosmical  Illustration.  

—         /  m 
In  the  mutual  actions  and  reactions  of  two  masses,  v  =  x/gr  oc  \  "^  oc 

—  m 

■/  w  ;*  «•  OC  w ;  — -  OC  «.     Let  m^  tw,,  m^  designate  Sun,  Earth,  Jupiter ; 

v^  Earth's  aphelion  velocity ;  v^,  velocity  of  light.     Then  we  find 

«X     '     ®S     "     «3     '     ®X 

For,  u^  =  ^,  -f-  497.827 ;  v^  =  2r^j  -4-  1.01677  -4-  31558149 ;  m^  = 
1047.879  7»5.  Substituting  these  values,  we  find  :  m^  =  316.9  m^;  m^z= 
333,072  wi,;  ^j  =  92,559,700  miles.  Hence  we  see  that  the  reaction  of 
Earth  against  the  forces  which  produce  its  orbital  velocity,  at  the  moment 
when  it  is  least  affected  by  Sun,  is  a  mean  proportional  between  the  re- 
actions of  Sun  and  Jupiter  against  the  velocity  of  light.  In  other  words, 
the  reaction  of  inertia  at  the  centre  of  density  (Earth)  against  the  inertia 
at  the  centre  of  nebulosity  (Jupiter)  and  at  the  centre  of  nucleation  (Sun) 
is  limited  in  each  direction  by  the  reactions  of  controlling  inertia  against 
sethereal  elasticity. 

Multiplying  the  terms  of  the  above  proportion  by  v^  v^  we  have 

The  importance  of  the  reactionary  vis  viva  at  the  centre  of  condensation 
is  thus  shown,  and  the  vis  viva  at  the  coordinate  centres  represents  a  mean 
proportional  between  the  aethereal  and  the  central  orbital  vis  viv<i. 

81.  Mutual  Convertibility  of  Gravity  and  Magnetism. 

In  the  first  set  of  electrostatic,  magnetic  and  electrokinetic  pairs,  the 
product  of  the  two  dimensions  represents  an  energy,  or  vis  vita.  Max- 
wellf  gives  the  following  equations  : 

The  symbols  denote,  respectively,  the  products  of  quantity  of  electricity 
by  electric  ix>tential,  quantity  of  free  magnetism  by  magnetic  potentiad, 

*  Because  r  represents  the  distance  between  the  two  masses  and  does  not 
affect  the  ratio, 
t  Elec  and  Mag.,  il,  210. 
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electrokmetic  momentum  of  a  circuit  by  electric  current,  mass  by  the 
square  of  the  velocity  of  light.  Ths  last  product  is,  therefore,  precisely  the 
same  as  7n^v^\  in  the  foregoing  note,  and  it  furnishes  further  grounds  for 
considering  the  primitive  oscillations  as  luminous,  rather  than  electric. 
There  are  as  good  reasons  for  assuming  Earth's  mass  as  the  fundamental 
electric  value  of  M,  as  for  assuming  the  velocity  of  light  as  the  correspond- 

L 
ing  value  of  ^,  and  this  assumption  brings  electric  and  thermal  phenom- 
ena into  simpler  and  more  intelligible  relations.     The  anticipations  of  my 
first  paper*  upon  the  relations  of  electricity  and  magnetism  to  gravitation 
are  thus  very  fully  and  satisfactorily  confirmed. 

82.   Chemical  Units. 

The  influence  of  electric  and  thermodynamic  laws  on  chemical  phenom- 
ena Im^  long  been  recognized.  There  are  two  special  applications  of 
electric  dimension  to  which  I  would  call  attention,  on  account  of  their 
apparent  bearing  upon  spectral  harmonies  and  combining  equivalents. 

I.  The  second  set  of  electrostatic,  magnetic  and  electrokinetic  pairs 
gives  the  following  equations  : 

[§«]  =  [§  i]  =  [(j5f]^[2^J. 

The  symbols  denote,  respectively,  the  products  of  electric  displacement 
by  electromotive  force  at  a  point,  magnetic  induction  by  magnetic  force, 
intensity  of  electric  current  at  a  point  by  vector  potential  of  electric  cur- 
rents, and  the  dimensions  of  energy  referred  to  unit  of  volume.  The  last 
member  of  the  equation  also  represents  the  unit  of  density,  or  atomic 
weight  of  an  element,  and  thus  opens  a  wide  field  for  investigation,  both 
in  chemical  and  in  general  physics. 

II.  Weber  found,  by  experiment,  that  the  unit  of  electro-chemical  force 
is  to  that  of  electromagnetic  force  as  106§  is  to  1.  Designating  the  electro- 
chemical unit  by  ^  and  the  electromagnetic  unit  by  /i,  if  we  suppose  them 
to  vary  inversely  as  the  squares  of  the  reacting  velocities  (Note  80),  we 
find 

This  differs  from  Weber's  experimental  value  by  less  than  J  of  one  per 
cent.  The  7r-factor  designates  the  ratio  between  the  time  of  acquiring  at- 
mospheric orbital  velocity  at  Laplace's  limit,  t  ,  and  the  time  of  acquiring 
nucleal  dissociative  velocity,  t^  ; 


"a   •    "n 


83.  Positive  and  Negative, 

The  oppositions  of  solar  and  Jovian  photodynamic  reaction,  which  are 
shown  in  the  first  proportion  of  No.  80,  may  perhaps  help  towards  a  better 

♦  Proc.  Am.  Phil.  Soc,  ix.,  355-60;  April  1, 1864. 
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understanding  of  the  difFerence  between  positive  and  negative  electricity, 
or  austral  and  boreal  magnetism.  While  the  action  of  aethereal  oscilla- 
tions must  be  modified  by  every  centre  of  inertia,  whether  cosmical  or 
molecular,  the  reactions  of  Sun  and  Jupiter  must  always  greatly  preponder- 
ate. In  analyzing  the  product  of  the  reactions  into  electrostatic  and  elec- 
tromagnetic elements,  if*  may  be  considered  as  representing  a  mean  pro- 
portional between  the  positive  and  negative  masses.  Reasoning  from 
analogy,  it  seems  probable  that  the  electric  M  may  represent  a  product, 

and  M^  a  mean  proportional,  in  all  cases. 

84.  Sun-Spots  and  Planets. 

The  evidences  of  connection  between  sun-spots  and  planetary  perturba- 
tions, the  phyllotactic  rhythm  in  periods  of  planetary  revolution  which 
was  pointed  out  by  Peirce  and  Hill,*  the  twelve  harmonic  nodes  between 
Mercury  and  Sun  of  which  I  have  already  given  evidence,  f  the  relations 
of  ''magnetic  storms  "  to  sun-spots  and  to  auroras,  the  confirmation  of  my 
first  intra-Mercurial  node  by  the  British  sun-spot  observations,  J  as  well  as 
the  various  indications  of  a  possibility  that  Swift's  and  Watson's  planets 
may  have  been  transient  nodal  aggregations,  all  seem  deserving  of  con- 
sideration in  studying  the  actions  and  reactions  among  the  various  forms 
of  kinetic  energy. 

85.  Stella/r  relations  of  Central  Density. 

In  the  stellar-solar  paraboloid  the  abscissa  which  indicates  Earth's  nebula - 
rupturing  locus,  is  also  the  locus  of  solar-rupture  in  subsidence-collision. 
Tlie  multiples  3,  4,  5,  appear  as  coefficients,  either  of  incipient  subsidence 
or  of  final  rupture  or  of  both,  for  Earth,  Mars,  mean  asteroid  and  Jupiter. 
tlioir  rupturing  loci  being,  respectively,  J,  f,  f,  f  of  their  semi-axes  major. 
Tlie  corroboration  of  the  importance  of  Earth's  position  at  the  centre  oi 
density,  which  is  furnished  by  Note  80  et  seq.,  is  strengthened  by  the  fol- 
lowing multiple  relations  of  Earth's  semi-diameter,  r, : 

1  (3x4x5)X^3==  Moon's  semi-axis  major. 

3  (3  X  4  X  5)«  X  rs  =  Perigee  of  Venus. 

3  *  (3  X  4  X  5)'  X  r,  =  Saturn's  semi-axis  major. 

4  4  (3  X  4  X  5)*  X  ^s  —  Solar  modulus  of  light. 

5  .2;r  (3  X  4  X  5)'  X  r,  =  Distance  of  a  Centauri. 

The  deviations  are  of  the  same  order  of  magnitude  as  planetary  eccen- 
tricities, being  as  follows  :  1,  about  J  of  one  per  cent.;  2,  nearly  2§  \^t 
cent.;  3,  nearly  3.4  per  cent.;  4,  less  than  -^^  of  one  per  cent.;  5,  less  th^n 
3jj  per  cent.     The  fourth  locus  is  equivalent  to  the  latus  rectum  of  a  para- 

mm 

boloid  in  which  modulus  is  the  focal  abscissa  ;  the  fifth  is  ^  of  (3  x  4  x  ^ 

•  Proc.  Amer.  Assoc,  v,  2. 

t  Proc.  Am.  Phil.  Soc,  xlx,  387, 

X  lb.,  xill,  470. 
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X  tlio  fourth,  rt"  being  tho  mtio  of  circulrtr-orbltal  velocity  to  mean  veloc- 
ity of  synchronous  radial  oscillation. 

80.  Pntm  Cmtre9  dff  Energy, 

In  considering  the  pliotodynamic  reactions  of  Sun  against  tlie  wthereal 
oscillations,  reference  has  been  had  to  Sun*s  centre  of  gnwity,  0^.  In  my 
first  paper*  on  the  influence  of  cyclical  oscillation,  I  anticipated  the  possi- 
bility of  measuring  fluctuations  which  are  pi\)duced  by  the  Central  Sun, 
The  fli'st  step  in  that  direction  was  tlie  discovery  of  tho  stellar-solar  ^mra- 
boloid,  by  means  of  tlie  rupturing  tendencies  which  would  result  ftxmi 
Herschel's  theory  of ''subsidence,*'  in  a  nebulous  elastic  medium.  Tho 
next  step  was  tho  investigiUion  of  the  relations  of  the  solar  centre  of  gmv- 
ity  to  the  universiU  centre  of  gmvity,  C„,  which  are  involved  in  the  cyclical 
equilibrium  of  wthereal  and  gnwitating  energies.  It  is  perhai>s  possible 
for  matliematical  analysis  to  find  some  apprt>ximation  to  tlie  mass  and  dis- 
tance of  the  controlling  centre  of  the  immediate  stellar  group  to  which  wo 
belong,  flx)m  known  data.  In  seeking  such  appmximation,  regiinl  should 
evidently  be  paid  to  the  motions  of  the  centre  of  gnwity  of  the  solar  sys- 
tem, C^.  Tho  next  centre  in  point  of  importance  is,  perhaps,  the  centre 
of  condensation  in  tho  solar  system,  Cj. 

87,  Projection  of  Centres  of  I^ucleationy  yehuhmty  and  Condensation. 

It  may  be  assumed  that  tho  mean  centre  of  gravity  of  our  system,  C.,  is 

the  same  as  tho  mean  centre  of  gravity  of  its  two  chief  masses.  Sun  and 

Jupiter.    Jupiter's  semi-axis  major,  ^j,  is  equivalent  to  5.20*^700^5,'     Sun's 

mass,  w^.  is  1047.870  times  Jupiter's  mass,  i«j.    Sun's  semi-axis  major,  ^»., 

5.203700/* 
or  moan  projection  ftx)m  C.,   is  therefore  -    !^  ^^^  ^L,  or  .0040003^>j|, 

Stockweirs  estimatef  of  tho  secular  maximum  eccentricity  of  Jupiter  is 

.000874,  which  represents  a  rupturing  projection,  for  C«,  of  ^  ^  OdOH'i 

=  1.0048r,,.  The  equation,  .0040003^),  ^rrt  1.0048r„.  gives  ^j  =  9l4.007r^, ; 
n  =  314.007.  This  is  about  ^  of  one  per  cent,  greater  than  the  estimate 
of  tho  British  Nautical  Almanac,  and  about  ^  of  one  per  cent,  less  than 
that  of  tho  American  Nautical  Alnuinac. 

88.   Orbital  and  Kaseent  Knergies  at  the  Centre  of  Condensation. 

Tho  evidences  of  pliotodynamic  projection,  which  were  presented  in 
Note  80,  together  with  other  evidt»ncos  of  the  importance  of  Earth's  mass 
and  semi-diameter,  as  secondary  thornial  and  electric  units,  enable  us  to 
connect  orbital  velocity,  r«,  with  nascent  or  dissociative  velocity,  r^,  at  tho 
centre  of  condensation.  Earth.     For,  since  distance  or  rw  vica  of  projec- 

•  Proc  Am.  Phil.  Soc,  Ix,  288, 

t  SmUhsonlau  Contributions,  232,  p.  S8. 
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tion  against  uniform  resistance  varies  as  the  square  of  the  time  of  com- 
municating or  overcoming  the  velocity  of  projection,  we  find  the  proportion : 
Sun's  projectile  locus  or  semi-axis  major,  p^,  is  to  Earth's  projectile  locus 
or  semi-axis  major,  pp  as  the  square  of  the  time  of  communicating  orbital 
velocity,  tj,  is  to  the  square  of  the  time  of  communicating  nascent  or  dis- 
sociative velocity,  <«'.  Assumin g  the  values,  />»  =  1  •  0648r,,,  p^  =  214. 667r^ 
in  accordance  with  the  foregoing  note,  and  remembering  that  t^  is  always 
the  time  of  a  half  rotation,  we  have 

1.0648  :  214.667  ::  tj  :  43082« 
r  =  3034.25  sec. 
v^  =  3034.25  X  32.088  -f-  5280  =  18.44  miles. 
^8  =  18.44  X  31558149  -f-  2?:  =  92,617,300  miles. 


89.  DovMe  Systems  of  Photodynamic  Oscillation. 

In  1864,  I  suggested*  "that  one  of  the  most  probable  results  of  the  rota- 
tion of  the  earth  with  its  atmosphere,  in  an  sethereal  medium,  would  be 
the  production  of  two  systems  of  oscillations,  moving  with  the  rapidity  of 
light,  one  in  the  line  of  the  Earth's  orbit,  and  the  other  in  the  line  of  its 
radius  vector,  and  that  those  systems  would  be  constantly  so  related  that 
while  one  tended  to  retard,  the  other  would  tend  to  accelerate  the  Earth's 
motion. "    In  1866,  I  showedf  that  "the  velocity  of  light  is  nearly  the  same 
as  the  velocity  which  would  be  acquired  in  one  year  by  a  falling  body, 
under  the  influence  of  an  accelerating  force  equivalent  to  the  force  of 
gravitation  at  the  Earth's  surface."    Although  I  regarded  this  approxima- 
tion, at  first,  as  "perhaps  merely  a  curious  accidental  coincidence,"  it  be- 
came 80  prolific  in  suggestive  leadings  that  I  was  able  to  show  its  depend- 
ence upon  simple  dynamic  laws  of  sethereal  condensation.    From  the 
electrostatic  analogies  of  condensation  and  the  electrokinetic  analogies  of 
orbital  motion,  we  may  infer  the  probable  applicability  of  the  law  ot 
oncrgy  and  stress  of  radiation,  "that  at  every  point  of  the  wave  the  intrin- 
Bic  energy  of  the  medium  is  half  electrostatic  and  half  electrokinetic.'* t 
At  the  locus  of  primitive  coincidence  between  orbital  and  rotary  velocity, 
this  division  of  energy  would  lengthen  the  time  of  acquiring  the  solar 
nascent  dissociative  velocity  of  light  to  a  complete  rotation  of  the  centre  of 
condensation,  the  time  for  the  nucleus  being  a  half-rotation.     Dividing 
one  year  by  the  square  root  of  the  ratio  of  solar  photodynamic  projection 
(Note  88),  we  find  31558149  seconds  -^  ^i70648  ==  3058254 sec.;  r^^  = 
3058254fir=:  185,858  miles ;  ^3=  497.827p;^  =  92,525,300  miles.     Thisdiffers 
by  less  than  one-tenth  of  one  per  cent.  fh>m  the  value  given  in  the  fore- 
going note. 

•  Proc.  Am.  Phil.  See.,  ix,  408. 

t  lb.,  X,  269. 

t  Maxwell,  i  1,391. 


18810  ^*^  [Chiuie. 

90,  FhrmttUufor  Cont^r$ion  of  Etierg^, 

All  fbrms  of  enerj^y,  mechanical,  thermal,  photic,  electric,  magnetic  or 
chemical,  are  derived  fh>m  and  can  bo  comi>ared  with  the  maximum 

energy,  -^^.r- 
a.  All  astronomical,  barometric,  or  other  mechanic^U  estimates  of  solar 

mass  and  distance,  involve  the  proi>ortionality,  ^  oc  » . 

p.  The  arbitrary  units  of  thermodynamics  are  l>ased  upon  the  work  done 
against  the  centripetal  accelerations  of  terrestrial  gravity.  The  unit  of 
acceleration  at  unit  of  distance,  or  the  sum  of  accelemtions  in  unit  of  time, 
is  proportioned  t4)  mass.  Therefore,  if  we  designate  £arth's  mass  by  fi^, 
we  have  J^  :  m,  : :    T'i  :  u,. 

1^,  or  tlie  velocity  of  light  is,  as  we  have  seen,  the  velocity  acquired 
during  tJie  cyclical  actions  and  reactions  of  solar  condensation  and  ethereal 
eltvsticity  at  Sun*s  surfiice ;  «,,  =  .50558  miles,  is  the  velocity  actiuired 
during  the  cyclical  actions  and  rei\clions  of  water-congelation  and  evajwrn- 
tion  at  Earth*9  surfiice.  Dividing  by  y'1^0  for  the  Fahrenheit  scale,  or 
by  I  100  for  the  Centigrade  scale,  we  have  the  arbitrary  units  of  velocity, 
.043156  miles  for  1^  F.,  or  .050558  miles  for  1^^  C.  The  equation  f  =  |  '^gh 
gives  A  =  773  ft.  for  1^">  F.  or  lJi*^9.6  ft.  =  424  meters  for  K^  C.  Combining 
these  heights  with  the  arbitrary  units  of  mass  we  have  J  =  773  ft,  lb.  for 
the  English  thermal  unit,  and  C  =  434  kilogrammetres  for  the  calorie  or 
French  thermal  unit. 

^,  Thermal,  mechanical  and  photodynamic  energies  may  be  compared 
with  energies  of  chemical  combination  through  the  nitio 

h^  is  Earth's  mean  distance  ftpom  Sun,  A,  is  ^  of  |  of  the  height  to  which 
water-\'aiwr  would  be  thrown,  agi\inst  tlie  retardation  of  gravity,  by  tlie 
combining  energy  of  11,0  (Note  16,  etc.). 

d.  Cosmical,  electric  and  photodynamic  energies  may  be  compared  by 
means  of  the  ratio 

Sun,  M^,  is  at  the  centre  of  nucleation  in  the  solar  system ;  Earth,  m^  at 
the  centre  of  condenstition ;  Jupiter,  w^,  at  the  nebular  centre ;  f ,,  is 
Earth's  aphelion  or  *'mvscent'*  orbital  velocity. 

c.  The  electrostatic,  magnetic  and  electrokinetic  units  of  energy  can  all 
be  derived  ftrom  the  above  expression  for  Earth's  photodynamic  energy, 

fii,TV=    r't^t  through  the  equations 

The  bracketed  symbols  represent,  n»^pectively,  quantity  of  electricity ; 
lino  integral  of  electromotive  force,  or  electric  potential ;  quantity  of  fVeo 
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magnetism,  or  strength  of  a  pole ;  magnetic  potential ;  electrokinetic  mo- 
mentum of  a  circuit ;  electric  current, 
f .  Atomic  energy,  or  energy  of  unit  volume,  can  be  compared  with 

Earth's  photodynamic  energy  of  imit  volume,  — g-^i  =  T-fFh  and  with 
corresponding  electric  energies,  through  the  equations 

The  bracketed  symbols  represent,  respectively,  electric  displacement 
(measured  by  surface-density)  ;  electromotive  force  at  a  point ;  magnetic 
induction ;  magnetic  force ;  current  electric  intensity  at  a  point ;  vector 
potential  of  electric  current. 

Tj.  Electrochemical  and  electromagnetic  energies  may  be  compared  with 
thermal,  photodynamic  and  other  energies,  through  the  proportion 

I  designate  Weber's  units  of  electrochemical  and  electromagnetic  force 
by  X  and  yu,  respectively;  t^  is  the  time  of  acquiring  orbital  velocity,  or 
incipient  associative  energy,  at  Laplace's  limit  of  equal  velocities  of  rota- 
tion and  revolution ;  t^  is  the  time  of  acquiring  nucleal  nascent  or  dissocia- 
tive velocity. 

0,  Total  magnetic  force,  ^o'  can  be  compared  with  the  reactions  of  ter- 
restrial magnetic  force,  ^j,  by  the  proportion 

The  reactions  of  orbital  tendency  are  t^M^,  tn^^,  respectively;  cen- 
tripetal acceleration  varying  as  the  fourth  power  of  orbital  velocity,  we 
have  the  ratio,  i^*  :  7r*m^^. 


(Contributions  from  the  University  of  Fennsylvaniat  Ifo.  16.) 

On  Alaskaite,  a  new  member  from  the  series  of  Bismuth  SulphosalU.     By 

Professor  George  A,  Konig. 

{Read  before  the  American  Philosophical  Society,  June  17 ^  1881, ) 

Mode  of  occurrence.  The  high  mountain  mass  of  south-western  Colorado 
culminates  in  Mt.  Sneffels  at  an  altitude  of  14,156  feet.  .  But  this  great 
height  does  not  impress  itself  upon  the  observer  since  the  deepest  valleys 
are  still  7000  feet  above  the  sea.  The  geological  structure  of  these  moun  - 
tains  is  very  simple  as  a  whole ;  but  the  energetic  action  of  the  forces  of 
erosion,  has  produced  a  very  rich  and  picturesquely  carved  topography, 
there  being  no  table  mountains,  but  only  steep  peaks  and  sharply  indented 
crests.    Mineral  veins  in  clearly  defined  outcrops  intersect  these  moun* 
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tains  in  astonishing  abundance.  They  are  easily  traced  on  the  bald  slopes, 
■which  rise  from  one  to  three  thousand  feet  above  timber  line.  The 
geology,  as  already  stated,  is  quite  simple.  Orthoclastic  eruptive  rocks — 
Quartz-porphyry,  Porphyrite  and  Trachyte — overlie  granitoid  metamor- 
phic  schists  (chiefly  gneiss)  as  an  enormous  sheet  one  mile  thick.  Only 
towards  the  West  we  find  palaeozoic  rocks,  sandstones,  limestone  and 
coal  beds,  lying  between  the  crystalline  top  and  bottom  rocks,  not  exceed- 
ing probably  500  feet  in  thickness.  All  the  peaks  and  crests  visited  by  me 
were  found  to  be  made  up  of  porphyritic  rocks,  schists  and  sedimentary 
rock  being  only  found  in  the  deep  cafions.  The  silver  bearing  veins  I 
found  to  be  confined  to  the  eruptive  rocks  with  but  few  exceptions,  i.  e., 
the  ** mineral  farm,"  near  Ouray  in  Silurian  limestone ;  the  "black 
Wonder  mine"  and  some  other  veins  in  Burough's  Park,  which  lie  in 
granitoid  gneiss. 

One  of  the  most  interesting  sections  of  this  wonderful  region  is  Pough- 
keepsie  Gulch,  one  of  the  head  forks  of  the  Uncompaghre  river.  Here  we 
find  numerous  veins  in  a  bleak  wilderness  directly  under  the  pass  which 
leads  from  the  Uncompaghre  valley  over  into  the  Cement  creek,  one  of  the 
feeders  of  the  Animas  river.  Very  prominent  among  its  neighbors  is  the 
Alaska  vein  which  was  opened  by  two  adits  at  the  time  of  my  visit  last 
August.  The  vein  is  well  defined,  striking  nearly  north  and  south,  with 
almost  vertical  dip.  The  breast  of  the  lower  adit  showed  beautiful  ore. 
Nests  of  gray  copper  and  Alaskaite  in  a  gangue  of  quartz  and  barite. 
Even  with  candle  light  the  gray  copper  and  Alaskaite  (Bismuth  silver  ore 
so  called  here)  are  distinguishable,  and  are  separated  by  handpicking  into 
first  class,  and  second  class  ore.  I  found  some  difliculty  in  procuring 
specimens,  as  the  foreman  had  orders  not  to  allow  specimens  being  taken 
away. 

Physical  properties  of  Alaskaite.  The  specimens  consist  of  a  more  or  less 
intimate  mixture  of  the  new  mineral  with  barite  and  chalcopyrite,  and 
sometimes  a  little  quartz.  Neither  blende  nor  galenite  could  be  detected. 
The  small  quantity  of  antimony  shown  by  the  analysis  might  be  due  to  the 
presence  in  the  mixture  of  some  gray  copper  or  other  Stibiosulphosalts,  or 
may  be  replacing  bismuth  in  the  Alaskaite.  But  could  in  no  way  interfere 
with  the  correct  definition  of  the  new  mineral,  as  will  be  seen  later.  The 
complete  decomposition  with  hydrochloric  acid  speaks  quite  in  favor  of  the 
latter  view. 

The  structure  of  Alaskaite  is  small  foliated,  some  smooth  cleavage  planes 
may  be  observed  here  and  there.  Its  color  is  whitish  lead-gray,  approach- 
ing bismuthinite ;  its  lustre  strongly  metallic ;  opaque.  Color  of  the  fine 
powder  is  bluish-gray.  The  structure  forbids  a  determination  of  hardness, 
but  the  mineral  is  mild  in  the  mortar,  and  easily  friable. 

The  specific  gravity  was  determined  with  the  fine  powder  used  for  the 
Analyses  C  and  D,  and  found  to  be  6.878  by  the  following  calculation : 

Let  S  =  18.3165  =  A  +  B  +  C  (Alaskaite  -f  barite  -\-  chalcopyrite) 

A       8— B— C 
then  we  have  p  =  ^j  =  j ^ ; 
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The  analysis  gives  B  =  0.15;  S=  0.1975;  C  =  0.228;  S  =  O.0301 

0.1975  O.0301 

^'  =  T486  =  0.644 ;  ^,  =   -jj-  =  0.0072 

J  =  0.2095  by  experiment, 
hence  8— B— C  =  A  =  1.0889 ;  d  =  J—di—dt  =  0 .1583 

1.0889 
and  p  =  Q^5g3=  6.878. 

Blowpipe  reactions.  The  mineral  decrepitates  in  the  closed  tube,  simi- 
larly to  the  majority  of  compounds  belonging  to  this  group,  it  melts  then 
at  red  heat  without  the  formation  of  a  sublimate.  Heated  with  the  O.  Fl. 
on  charcoal  it  yields  a  deep  yellow  incrustation  with  a  white  non  volatile 
fringe,  coloring  the  seam  of  the  flame  faintly  azure  blue  (lead).  Upon  con- 
tinued blowing  a  crimson  to  peach  blossom  red  zone  appears  between  the 
yellow  and  white  incrustation  (silver).  The  residue  gives  the  reactions  of 
copper  and  iron  with  borax  and  microcosmic  salt,  and  after  cupellation 
with  lead,  a  considerable  silver  button.  With  potassium  iodide  and  sulphur 
an  intense  brick  red  coating  is  obtained  (bismuth).  In  the  open  tube  sul- 
phurous anhydrite  (sulphur)  and  a  minute  white  sublimate  (antimony)  are 
given  off,  while  a  yellow  residue  is  produced.  Cold  concentrated  hydro- 
chloric acid  acts  very  slowly  upon  the  finely  pulverized  mineral,  but  the 
heated  acid  decomposes  it  completely  and  rapidly,  leaving  flocculent  silver 
chloride. 

Analyses,  So  intimate  is  the  mixture  of  Alaskaite  and  chalcopyrite,  that 
a  complete  mechanical  separation  was  not  feasible.  Now  it  is  quite  pos- 
sible to  remove  the  Alaskaite  by  HCl  from  the  chalcopyrite  and  barite,  but 
the  quantity  of  copper-iron-bisulfide  is  always  so  small  (see  analyses)  that 
if  the  iron  be  taken  as  representing  chalcopyrite,  no  appreciable  error  will 
be  committed.  A  small  quantity  of  the  mineral  was  picked  out  carefully, 
leaving  only  traces  of  chalcopyrite,  for  a  preliminary  analysis.  250  mg. 
gave  :  BiA  =  160.0  mgr ;  PbSO^izr  38.0  mgr.  Ag  CI  =  23.5  mgr ;  CuO  = 
7.0  mgr;  birite  =  8.3  mgr.  The  substance  minus  barite  was  141.7  mg. 
Calculated  upon  this  number  we  have : 

Bl^Ss  =  73.02 ;  PbS  =  12.40 ;  Ag^S  =  9.06 ;  CUjS  =  6.20  corresponding 
very  closely  to  the  ratio  (RS)2o  +  (BijS,),,!  that  is  probably  as  1  : 1.  A 
quantitative  blowpipe  assay  gave  7.5  p.  c.  Ag,  or  minus  barite,  8.90  Ag^. 

With  less  carefully  picked  material  the  following  2  analyses  were  made, 
A  and  B,  the  determinations  of  Bi  and  Pb  in  A  being  lost : 

A  (1K.5000)  B  (1«.0000) 

Insoluble  0.2382  0.1551 

AgCl  0.1337  0.0945 

CuO  0.0710  0.0462 

Fe.Ps  0.0220  0.0168 

ZnO  0.0040  0.0030 

BiClO  0.4945 

BijO,  0.0385 

PbSO^  0.1480 

BaSO^  0.9683 
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Deducting  tbo  insolublo  (barlte)  we  obtaia  i>er  cent. 

A                             B  Mean. 

Bl  =    51.49  51.49 

Pb  =    12.03  13.03 

Ag  =  7.97  8.19  8.08 

Cu  =  4.49  4.87  4.4;^ 

Fo  =  1,33  1.40  1,31 

Zn  =  0.34  0.39  0.30 

S  =    17.30  17.30 

94.79 
Deducting  agiiin  Fe  =  1.31 ;  Cu  =  1,48  ;  S  =  1,48  as  chulcopyrlte,  wo 

obtain  for  Alaakaito 

:    208  = 

:    307  = 

:    316  = 

:    136.4  = 

65  = 

83  = 
tbat  is  0.1336  R  :  0.3475  Bi  :  0.4913  8  =  1 

Notwitliatanding  tbo  simple  ratio,  tbia  n»sult  cannot  be  utilised  to  base 
definite  conclusions  thereon,  since  there  is  an  unaccounteii  loss  of  n«\rly 
5  per  cent,  in  the  analyses.  Fnun  the  sanie  specimen  material  was  now 
taken  off  another  corner,  and  3  analyses  made  as  follows  : 

C  (I'.OOO)        D  (l«  0000)  Moan. 


Bl 

=     51.49 

Pb 

=     13.03 

Ag 

=      8.08 

Cu 

=      8.00 

Zn 

==      0.36 

S 

=     15.73 

0.3475 
0.a585 
0.0374 
0.0337 
O.OtUO 
0.4913 
:  3.003  : 3.974 


0.1336 


Bt  =  47.27 

Sb  =  0.51 

Pb  =     

Ag  -.:  7.19 

Cu  =  8.54 

Fe  =  0.70 

Zn  =  0.56 

s  ==  ^^.ai 

Insoluble    =  14.90 


46.47 


9.70 
7.01 
8.75 
0.70 
0,73 


15.10 


46.87 
0.51 
9.70 
7.10 
8.(U 
0,70 
0.64 
15.85 
15.00 


I  0.33 


3394 


100.01 
Taking  the  iron  again  as  coming  fh>m  chalcopyrite  we  deduct  0.79  Cu 
and  0.79  8.  leaving 

208       = 
133       = 

307.3  = 
216       = 

136.4  = 
(W  = 
83       = 


Bi  = 

Sb  = 

Pb  = 

Ag  r  = 

Cu  = 

Zn  ^ 

8  = 

(FeiCu)8,  = 
Barito       =rt 
hence  R  :  Bl  :  8  r-^  1 


46.87 
0,51 
9.70 
7,19 
2.85 
0,(U 

15.07 
2.28 

15.00 

:  2.030 


0.3353 
0.0041 
0,0468 
0.0343 
0.0335 
0.0098 
0.4709 


0.1133 


0.4709 


4.14 
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Tbo  c<nn|v>sition  of  AlAskaitc  is  thon'toi»  iu  100  i^^rta 


Bi 

=^    50.07 

Sh 

=      OJW 

Vh 

=    It. 70 

AjJ 

-  -      8.74 

lu 

a.  40 

%u 

I  ::      0.70 

8 

::::      VM 

11X),(X> 

This  hit  tor  rt's\)1t  mu^tt  Ih>  taken  as  establi.<iliinjs:  ttio  nnturc  of  AlAx^kaiio. 
Wvoiul  n»Asonrtbie  itouhl. 

Hut  on  exAiuinini:  j^muo  othor  !»|HH"inun\s  qufttitrttivoly»  whicti  ap|H*aroil 
to  1h»  idontioU  in  physiont  ohrtnuM<»r«  with  the  pnHHnlinjr  one,  I  rt>«W  noi 
nt  l^rit  pnxiiux*  tlio  crimson  siivor  i^mtlujr.  S\i8|HHMiiisj  an  ossonlirt!  ilirtVn»nt\> 
I  nuuio  u|H>u  tho  stuwo  |H>wilor  threo  luiiUx  mo*  tho  nu^an  of  which  (^oli^oly 
wjjri'oinj:)  is  as  t\>liows  : 

Hi  :     nt.JW  IM  =  5t.:W  :  *i(VS  r  -                 0.^408 

Vh  :  «  17.,%t  Vh  :i=  I7.5t  :  »^>T,4  .  •  0.lVH4.n  ^ 

A}?  -.:    a. 00  As  =1  a.iX)  :  210  --:  O.OtJV^  I   ^,,^,, 

1^1  ==    5.;fe^  C^i  =.:  JV74  ;  1*^0.4  -  :  0.0**t>5  I   ^'^**'^'^^ 

Fc  :-    1.4;^  Zu  ==  0/^)  :      tW  i.M).lXm  I 

7a\  .  :    O.^.H)  S  :  10.2t  :      a*i  1  :                  O.M^> 

8  .      17,  K%  (OuFc>S^     :    4,71 

Insoluhlo     .  .    *^.sa  llarilo  .  -:  S.v^a 


00.55 


n  :  Hi  :  S  =  1  ;  1.SS7  :  a.8x^a  =  1:^:4 


This  thon  is  tho  samo  minomi,  oxoopt  that  ttio  }jn»ator'|virt  of  tho  silver 
Is  n^ptiuvd  t»y  loaiL 

Wo  hrtvo  thon  in  Ahiskaito  a  t^>mploto  ty|H»  of  ttio  sulphosalts  of  tho 
flnst  onlor»  aiXH)nlins  to  UammolslH'rij's  .symlK>l : 

Crt,  !*{)  8  +  r»  8» 
to  wit  {\\  Jfiij  Ajj,  Cu,^  8  +  (Hi*  Sh^'  8« 

Of  thisty|>o  sovonil  momt^ors  im»  known,  but  tho  iH>ppor  bismuth  jtlami^ 
fTi^m  Sohwrtnronborvf.  and  iH»rlw|vs  Domoyko's  oro  fhnn  Copiaiw  ct>ntaiu 
bismuth  oxobislvoly  on  tho  noffjUivo  sitlo. 

Tho  crystrtUo>rr»\pliio  symmotry  of  all  the  momWrs  of  this  ty|H>  U 
pn>lmbly  or  tho  rA  omhu\ 

A  spoclmon  fh>n4  tho  Alaska  mino,  which  had  boon  sonl  to  nio  as  bis- 
muth silvoroiv»  boiuj;  ctuuiH^sod  of  quart/.»  Iwrho,  chaU\>pyrlto  and  what 
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appeared  to  be  gray  copper  was  pulverized  as  a  whole,  and  analyzed  with 
the  following  result : 


Calculated 

Sb 

=  10.10 

SbA 

=  18.68 

:  840  —  0.0402 

Bi 

=    6.05 

Bi^Sj 

=    0.59 

:  612  =  0.0128 

Cu 

=  14.97 

Cu^S 

=  17,01 

:  126  =  0.1076 

Pb 

=    8.84 

PbS 

=    4.04 

:  289  —  0.0160 

Ag 

=    0.70 

ZnS 

=    8.84 

:    97  =  0.0896 

Zn 

=    2.56 

Ag,S 

=    0.80 

:  248  =  0.0032 

Fe 

=    1.28 

(Cui  Fe)  S, 

=    4.08 

S 

=  11.53 

Quartz,  etc. 

=  48.55 

Insoluble 

—  48.65 

0,0530 


0.1678 


98.55 

If  the  gray  substance  be  considered  homogeneous  then  its  molecular 
ratio  will  be 

RS  :  r>S»  =  8.1  :  1 

But  gray  copper  has  the  ratio  of  4  :  1.  If  the  bismuth  sulphide  be  now 
eliminated  with  the  correstx>nding  positive  sulphide  in  the  Alaskaito  ratio 
of  1  :  1,  then  we  get  for  the  ratio  of  the  rest 

RS  :  SbjSs  =  8.86  :  1 

that  is  nearly  the  gray  copper  ratio. 

It  is  made  oven  more  probable  that  such  a  mixture  be  here  in  existence, 
by  qualitative  tests  u^wn  a  large  specimen,  weigliing  several  kilognuns  of 
the  massive  gray  mineral.  These  tests  indicatoil  very  valuing  percentages, 
by  tlie  intensity  of  bismuth  reaction  fVom  different  points  of  tlie  piece. 

It  is  a  matter  of  remark  fVom  a  genetic  point  of  view,  tliat  we  find  in 
this  vein  nests  of  Alaskaite  quite  ft*ee  fVom  tlie  gray  ci>pper,  while  the 
latter  seems  to  be  mixed  generally  with  the  former  in  other  places  when- 
ever it  predominates. 


The  Aur\ferous  Gravt^U  o/ JVor^A  Carolina,    By  IT,  M,  Chance,  M.D, 
(Read  b(fore  the  Atnencan  PhiloBophical  Soci^tyy  July  iJ,  ISSl,) 


The  belt  of  aurifennis  gravel  stretching  in  an  almost  unbroken  line  (Vom 
the  New  England  States  to  Alabama,  is  broadest  in  North  Carolina, 
where  it  has  also  been  more  productive  in  the  inxst,  and  promises 
greater  results  in  the  fliture  than  in  any  other  State  through  which  it 
jmsses. 

Yet  notwithstanding  the  flattering  prospects  apparently  presented  by 
these  gold  fields,  the  companies  organized  to  work  them  have  rarely  at- 
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tained  practical  success  even  for  a  short  period ;  they  have,  in  fact,  almost 
without  exception,  failed  to  pay  dividends,  and  their  stock  is  now  a  drug 
in  the  market. 

But  a  period  of  excitement  has  again  been  inaugurated,  capitalists  are 
again  investing  in  mines  long  since  abandoned  as  unremunerative,  and 
old  Californian  miners  are  leaving  the  West  for  the  more  glittering  pros- 
pects of  the  East,  where  they  say  the  gravel  is  much  richer. 

While  making  an  examination  of  mineral  lands  in  Central  and  Western 
North  Carolina,  I  recently  noted  a  series  of  facts  that  may  explain  in 
general  why  these  fields  have  not  been  remuneratively  productive  in  late 
years,  although  the  gravel  does  contain  a  larger  average  amount  of  gold 
per  cubic  yard  than  many  Western  placers  now  profitably  worked. 

When  one  inquires  why  the  workings  are  not  financially  successful,  he 
is  immediately  met  with  the  statement  that  the  mines  paid  handsomely 
prior  to  the  California  excitement  in  '49,  when  the  Western  gold  fever 
caused  a  suspension  of  operations ;  that  the  civil  war  caused  a  second 
stoppage ;  and  that  there  are  many  reasons  why  they  have  not  been 
systematically  worked  since  the  war. 

These  statements  are  honestly  made,  and  are  to  some  extent  true  ;  but 
from  1855  to  1860,  several  companies  were  working,  and  with  very  dis- 
couraging results,  and  since  the  war  several  mining  operations  have  been 
commenced,  but  discontinued — because  they  were  not  remunerative.  It 
cannot  be  claimed  that  these  operations  were  unsuccessful  because  they 
were  not  prosecuted  for  a  sufllciently  long  period,  for  in  placer  workings, 
the  results,  if  any,  are  quickly  attained. 

The  early  workings,  prior  to  the  California  discoveries,  were  undoubt- 
edly remunerative.  They  were  confined  principally  to  the  gravel  de- 
posits found  along  the  smaller  streams,  and  their  tributaries,  notably  on 
the  First  and  Second  Broad  rivers,  and  on  Silver  and  Muddy  creeks  in 
Rutherford,  Burke  and  McDowell  counties.  The  gravel  was  worked  by 
panning,  by  the  rocker  and  **long-tomy''  and  it  is  also  claimed  at  one 
place  at  least,  by  sluicing  with  a  head  of  water.* 

A  brief  review  of  the  geological  peculiarities  of  the  region  will  explain 
the  great  diflference  between  these  old  workings,  and  the  gravels  now 
being  washed. 

In  the  Geology  of  North  Carolina  by  Prof.  W.  C.  Kerr,  page  156,  the 
gold  gravels  are  referred  to  the  Champlain  period,  and  are  described  as 
beds  of  till  or  decomposed  rock  (initial  drift),  sometimes  in  place,  some- 
times several  hundred  feet  lower  on  the  hillside  than  the  rocks  from  which 
they  were  derived  by  disintegration. 

The  truth  of  this  statement  is  apparent  to  every  careful  observer,  and  this 
view  is  now  generally  accepted  among  those  practically  engaged  in  work- 
ing these  deposits. 

The  gold  seems  to  be  irregularly  distributed  through  the  so-called 
"slates  "  (mica  schist,  micaceous  gneiss,  hornblende,  schist,  etc.),  either  in 

•  The  first  use  of  this  method  is  generally  credited  to  California. 
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thin  quartz  veins  or  disseminated  through  tho  mass.  As  erosion  pro- 
grosses,  the  decomposed  schist  is  converted  into  gravel,  the  lighter  and 
finer  particles  of  clay,  mica,  etc.,  being  easily  washed  out  by  tho  percola- 
tion of  rain  water,  leaving  the  heavier  minerals  and  the  larger  quartz 
f^'agments  behind.  Thus  an  essentially  concentrating  process  is  and  has 
been  constantly  progressive  since  the  Glacial  period,  and  the  gnivel  now 
found  lying  as  a  surface  covering  ft^om  one  to  thirty  feet  tliick  may,  and 
probably  does,  represent  several  times  its  tlilcknoss  of  rock,  tho  coarser 
and  heavier  fVagments  of  which  alono  remain. 

The  thickness  of  the  gravel  in  the  South  Mountain  region  probably 
averages  fVom  six  to  nine  feet,  but  I  consider  that  this  represents  the  re- 
mains of  at  least  twenty  or  thirty  feet  of  rock.  On  this  basis  the  gravel 
should  contain  more  than  three  times  as  much  gold  as  an  equal  bulk 
of  the  mother  rock — it  is,  in  fact,  found  to  be  much  richer. 

The  streams  draining  this  region  have  carried  away  millions  of  cubic 
yards  of  this  gravel.  The  old  river  bed  workings  in  California  have 
shown  that  all  streams  act  as  natural  sluices,  seimrating  and  concentrating 
the  gold  and  heavier  minerals  from  rocks  of  less  specific  gravity,  and  this 
action  has  undoubtedly  been  openitive  in  these  North  Carolina  streams. 
The  gravel  washed  into  the  smaller  stream  bods  dropped  its  coarser  gold 
before  being  carried  out  Into  the  main  water  courses,  and  we  consequently 
find  that  the  rich  washings  were  nearly  all  found  in  tho  beds  of  the  small 
creeks  and  their  tributaries. 

These  were  thoroughly  worked  over  during  the  early  mining  excite- 
ment, prior  to  the  exodus  in  *41),  yielding  to  hand  panning  and  to  work 
with  tho  rocker  and  long-torn,  fVom  two  to  ten  dollars  a  day.  They  have 
since  been  reworked ;  at  some  places  the  same  gravel  has  been  washed 
three  or  four  times.  It  was  very  rich,  necessarily  so,  for  working  a  stream 
down  to  bed-rock*  is  like  cleaning  up  a  sluice — it  contained  the  gold 
dropped  ft^om  millions  of  cubic  yards  of  gravel,  the  accumulation  (concai- 
tmtt%)  of  thousands  of  years. 

There  are  a  few  localities  where  these  stream  gravels  are  as  yet  undis- 
turbed.   They  will  yield  good  returns,  but  their  area  Is  very  small. 

The  vast  bulk  of  gravel  now  remaining  to  be  worked  is  hill  gravel ;  its 
thickness  will  not  exceed  an  average  of  nine  feet,  and  it  is  of  varying  de- 
grees of  richness. 

On  some  tracts  gravel  may  bo  found  yielding  fVom  one  to  ten  colors  to 
the  pan,  and  work  done  with  a  rocker  may  show  fVom  five  grains  to  a 
pennyweight  to  tho  cubic  yawl,  a  most  flattening  prospect  to  the  Western 
hydraulic  miner ;  but  such  results  are  rare.  I  am  Inclined  to  think  that 
five  or  six  grains  to  tho  cubic  yard  is  as  much  as  can  be  expected  fl'om  an 
average  run  of  fair  gravel. 

Tho  important  question,  now  being  solved  In  a  practical  way  on  the 

*The  bed-rook  was  usually  not  more  than  two  or  three  feet  beneath  water 
level. 
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ground,  is  :  Can  these  deposits  be  profitably  worked  by  hydraulic  mining? 
The  question  may  be  answered  both  in  the  affirmative  and  in  the  negative. 
At  a  few  places  where  the  gravel  is  both  rich  and  thick — ^ten  feet  or 
more — and  water  can  be  obtained  in  sufficient  quantity  at  moderate  cost, 
hydraulic  mining  may  be  successful — but 

1.  A  large  working  area  is  necessary. 

2.  The  closest  economy  must  be  exercised,  and 

3.  A  relatively  small  amount  of  capital  invested. 
A  large  area  is  necessary,  because  the  deposit  is  not  thick  ;  assuming  an 

average  thickness  of  four  yards,  one  acre  would  yield  but  19,360  cubic 
yards  of  gravel,  and  one-fourth  of  this  being  top  gravel  and  soil  might 
contain  very  little  gold,  as  the  gold  is  often  concentrated  in  the  lower 
layers,  sometimes  in  a  "pay -streak,*'  near  the  bed-rock.  This  "pay- 
streak  "  is  at  times  quite  thin — one,  two  or  three  feet  thick,  but  the  gold 
is  more  usually  disseminated  through  the  mass. 

The  difference  between  the  cost  of  working  these  thin  deposits,  and  the 
enormously  thick  gravels  of  California  and  Oregon  will  be  readily  ap- 
preciated by  the  hydraulic  engineer,  and  to  this  difference  is  due  the  fact 
that  although  these  gravels  are  much  richer  than  many  Western  deposits 
successfully  worked,  the  prospect  of  remunerative  mining  in  this  region  is 
much  less. 

In  some  localities  the  cost  of  bringing  water  will  be  very  great ;  ditches 
ten  or  twelve  miles  long  being  necessary.  At  the  Sam  Christian  mine,  on 
the  Yadkin  river,  arrangements  are  even  being  made  to  pump  the  water  1 

It  will  also  be  difficult  to  obtain  sufficient  fall  to  carry  off  the  tailings, 
for  some  of  the  richest  of  the  hill  gravels  has  been  found  in  comparatively 
low  ground,   where  much  of  the  material  must  be  moved  by  hand.     I  -4 

noted  one  mine  working  under  just  such  conditions,  that  was  ^'^ielding  as 
well  as  the  best  can  be  expected  to  average.  The  gravel  was  about  four 
yards  thick,  the  gold  occurring  principally  in  a  pay-streak  near  the  bed- 
rock. The  lowermost  four  or  five  feet  was  moved  by  hand,  some  pick 
work  being  required. 

The  cost  for  labor  was  about  64  cents  per  superficial  square  yard,  and 
the  yield  averaged  over  a  considerable  area  one  pennyweight — 85  cents. 
Labor  75  cents  per  day.  This  shows  a  profit  of  21  cents  per  superficial 
square  yard  or  5.25  cents  per  cubic  yard  ;  but  these  figures  do  not  include 
the  cost  of  superintendence,  mercury,  wear  and  tear,  etc.  When  these 
items  are  included,  it  can  easily  be  seen  that  the  operations  were  being 
carried  on  at  an  actual  loss,  for  not  more  than  one  hundred  yards  were 
washed  per  diem,  and  the  profit  on  this  would  not  pay  the  expenses  of 
management. 

A  trial  of  General  Strong's  injector  dredging  machine*  is  now  being 
made  on  the  gravels  in  the  bed  of  Silver  creek.  It  seems  better  adapted 
to  working  on  river  bottoms  than  on  these  small  South  Mountain  streams. 

*  Described  by  T>r.  R,  W.  Raymond,  in  Vol.  vlll.  Transactions  of  the  American 
Institute  of  Mining  Engineers. 
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I  have  reason  to  think  ftom  what  I  have  seen,  that  there  are  con^mra- 
tively  few  localities  where  those  North  Carolina  hill  gi'avels  can  be  sue- 
cessftiUy  worked  at  pix?sent ;  that  in  any  event  the  returns — considering 
the  risk — will  bo  small;  that  no  ** bonanza'*  need  be  expected,  though 
local  deposits  of  very  rich  gmvol  will  undoubtedly  be  found ;  and  tliat  no 
operations  can  bo  successfVil  unless  the  (ttrM^st  ecoiwmy  Is  observed  in  all 
the  details  both  of  matMgenient  and  workifi^. 


Stated  Meeting,  July  If),  ISSl. 
Present,  -i  moiubers. 

Vicc-Pra^ideut,  Dr.  LkCoxtk,  in  tUo  Chair. 

A  letter  acknowledging  the  receipt  of  certificate  of  nienilwr- 
riiip  was  received  from  Ast.  Roy.  G.v  B.  Airy,  dated  Koyal 
Observatory,  Greenwich,  Juno  18,  1881. 

Acknowledgments  of  the  receif.)t  of  Proceeilings  were  re- 
ceived from  the  Smithsonian  Institution  (boxes  of  302 
addresses  for  distribution;  and  108);  the  Prag  Observatory 
(104,  lOo,  100;  List);  K.  Danish  S.  S.  (105,  100;  List);  Ver- 
mont Historical  Society  (107);  Mus.  0.  Z.  Ilarvanl  Oolloctiou 
(108);  A.  Agtvssiz  (108);  T.  P.  James  (108);  Now  Bedford 
Public  Library  (108);  United  States  ^[ilitary  Academy  (108); 
Pouglikeepsio  S.  N.  S.  (108);  J.  J.  Stevenson  (108);  ButValo 
S.  N.  S.  (108);  F.  A.  ALarch,  Easton,  Pa.  (108);  Chicago  His- 
torical  Society  (108);  and  State  Historical  Society,  Wisconsin 
(108). 

Donations  for  the  Tiibrarv  wore  received  from  the  New 
Zealand  Institute;  the  Danish  Society  of  Sciences;  Accademia 
dei  Liucei;  He  vista  Kuskara;  Society  C.  Ge(>g.,  Bordeaux; 
Geograj)hical  Society,  Paris;  Mus.  N.  H.,  Paris;  Koyal  Belgian 
Academy;  Boval  Astronomical  Societv  and  Meteor, .  Com. 
London;  Boston  N.  H.  S.;  American  Oriental  Society;  liar- 
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vj\nl  Univoi*sitv;  Now  Jorsi»v  IIi8torio»'\l  Sooiotv;  Fraukuu 
lustituto,  Journal  of  Phariuaov,  Ainorioan  Journal  of  MoiHonl 
Soionce,  Modioal  Kows  and  AK^traot,  Ponnsvlvania  Mauaxino 
II.  and  B.,  Philadolphia  Library  Conij>any,  Alumni  Assixna- 
tion,  Univorsitv  of  Pennsylvania;  J.  W.  Powell  Wai^hina:- 
ton;  Jed.  Ilotehkiss,  Staunton;  California  Aeadeniy  ofSeienee^^, 
and  Mariano  Bareena,  of  Mexieo. 

The  death  of  Mr.  W.  K.  nulH>is,  at  Philadelphia,  July  U, 
1881,  aged  70,  wju?  announeed  by  Dr.  LeOonte  with  aj>prv>pri- 
ato  riMuarks. 

The  death  of  Dr.  Geo.  MoUeston,  at  Oxfi>nl,  England,  Juno 
17,  1881,  aiivd  f>(K  was  announeed  bv  the  Seeivtarv. 

The  following  eoinm\n\ieations  weiH3  pivsented: 


**0u  the  Auriferous  Oravels  of  North  Carolina,  by  11.  M» 
Chance,  M.  D.'*     ^See  pagi>  477  alH>ve.) 


**The  Brain  of  the  Cat,  Fvlls  (fomcstica.     1,  Pix^liminarv 

» 

aeeoinU  of  the  Gross  Anatonw.  With  four  plates.  ^  Bv  Burt 
G.  Wilder,  M.  D.  Professor  of  Anatomy,  ete.  in  Cornell  Uni- 
versitv,  and  of  Phvsioloirv  in  the  Medical  School  of  Maine.'^ 


**The  Vaguo  Nervo  in  the  lV>n\estio  Cat^  Felis  domfslicK^, 
With  three  plates,  by  T.  B.  Stowell.^* 


Balloting  for  now  mon\bers  avius  postponed  to  tho  2 1st  of 
October  next. 

Pending  nonunations  93-t  to  940  wcro  read,  and  tho  mooting 
was  adjourned. 
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Stated  Meeting,  September  17,  1881. 

Present,  S  members. 

Prof.  Cope,  in  the  Chair;  Dr.  Horn;  Mr.  Lesley. 

Letters  of  acknowledgment  were  read  from  the  London 
Zc>61ogioal  Society  (XV  ii;  Cat.  Ill;  97—106);  Leijv^ig  As- 
tronomical  Society  (106,  107) ;  Teyler  Fondation  (107,  108) ; 
Holland  Society  (XV  iii,  107,  108) ;  Brown  University  (108) ; 
and  Yale  College  (108). 

Letters  requesting  numbers  of  Proceedings  for  the  comple- 
tion of  sets  were  received  from  Prof.  W.  D.  Whitney  and  Dr. 
Jacob  M.  Dacosta. 

Donations  were  reported  from  the  Academies  at  St,  Peters- 
burg, Berlin,  Bruxelles,  Rome  and  New  York;  from  the 
Observatories  at  San  Fernando,  Greenwich  and  Caj^  Town; 
from  the  Society  at  Bonn;  the  Geographical  Societies  at 
Bordeaux  and  Paris;  the  London  Astronomical  and  Anti- 
quarian Societies;  from  Prof.  Steenstrup,  Dr.  SchSftler,  Ilerr 
Tischncr,  Ilorr  Freytag,  M.  Keuovier  and  Prof.  W,  lluggins; 
the  Revista  Euskara,  Revue  Politique,  Chemists'  Journal,  and 
London  Nature;  the  Annales  des  Mines;  the  Cobden  Club; 
the  Victoria  Institute;  Essex  Institute ;  Boston  S.  N.  II.;  R.  C. 
Winthrop,  Dr.  S.  A.  Greon;  Yale  College;  American  Journal 
of  Science;  New  York  Academy;  American  Chemical  So- 
ciety; Metropolitan  Museum  of  Art;  New  York  Mercantile 
Library  Association;  Princeton  Museum;  Franklin  Institute; 
College  of  Phvsicians;  Journal  of  Pharmacy;  Medical  News; 
C.  A.  Ashburner;  P.  W.  Sheafcr;  the  National  Museum;  U.  S. 
Bureau  of  Education;  Buffalo  N.  II.  S.;  American  Antiqua- 
rian, and  J.  Ilotchkisa,  of  Virginia. 

Prof.  CojH)  communicated  a  paj>er  entitled,  "On  some  Mam- 
malia of  the  Lowest  Eocene  beds  of  New  Mexico," 

Ponding  nominations  Nos,  931  to  9rt2,  and  new  nominations 
Nos.  943,  94-i,  9-io,  were  read. 

There  being  no  quorum  present,  several  items  of  business 
were  postponed  for  consideration  at  the  next  meeting. 
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On  some  Mammalia  of  the  Lowest  Eocene  beds  of  New  Mexico.    By  E. 

D.  Cope. 

{Read  before  tJie  American  Philosophical  Society,  Sept.  17,  1881.) 

Mesonyx  navajovius,  sp.  nov.  Smaller  than  the  two  known  species,  and 
with  the  crowns  of  the  molars  more  compressed  and  the  blades  of  the 
heels  of  the  inferior  series  more  acute.  Molars  seven,  the  Qrst  one-rooted. 
Last  molar  with  a  cutting  heel  like  the  others,  and  with  the  penultimate, 
with  a  rudimental  anterior  inner  cusp.  All  the  molars  with  an  anterior, 
basal  tubercle  except  the  first,  second  and  third.  No  basal  cingula. 
Principal  cusp  elevated  and  compressed,  as  in  the  premolars  of  Oxycma. 
Enamel  minutely  rugose.  Mandibular  rami  and  inferior  canine  teeth  com- 
pressed, the  angle  of  tlie  latter  not  inflected.  Length  of  inferior  molar  -( 
series  M.  .078  ;  do.  of  premolar  series  .046  ;  fourth  premolar,  length  of  base 
.010 ;  elevation  of  cusp  .008  ;  second  true  molar,  length  .012,  elevation 
.010  ;  width  of  heel  .005  ;  depth  of  ramus  at  .020  ;  diameter  of  base  of 
crown  of  canine,  vertical  .009. 

Periptychus  carinidens,  gen.  et.  sp.  nov.  Creodontium.  Char.  Gen. 
No  distinct  sectorial  teeth,  the  first  and  second  true  inferior  molars  simi- 
lar. They  support  a  principal  median  cusp,  a  broad  heel  and  a  prominent 
anterior  cingulum.  The  heel  is  more  or  less  divided  into  tubercles  ;  the 
anterior  cingulum  is  on  the  inner  side,  and  represents  the  anterior  cusp  of 
a  sectorial  tooth.  On  the  inner  side  of  the  principal  cusp  a  cingulum  rises, 
forming  a  flat  internal  tubercle.     Last  molar  not  smaller  tlian  the  others  ;  ^ 

premolars  unknown. 

This  genus  belongs  to  the  Amblyctonidoe  with  Amblycionus  and  Palm- 
onyctis.  It  differs  from  both  in  the  rudimental  character  of  the  anterior 
cusp,  and  from  the  former,  in  the  presence  of  the  internal  tubercle.     In  ^! 

Mesonyx  the  heel  has  a  median  cutting  edge.  Char.  Specif  Parts  of  both 
mandibular  rami  and  the  shaft  of  a  humerus  represent  this  species.  They 
indicate  an  animal  of  the  size  of  the  red  fox,  but  much  more  robust.  The 
mandibular  ramus  is  rather  shallow  and  thick,  and  the  molars  are  not  large. 
The  heel  of  the  penultimate  supports  three  tubercles,  of  which  the  ex- 
ternal is  the  largest.  The  anterior  cingulum  supports  a  small  cusp,  and 
then  rises  to  the  internal  tubercle,  which  is  compressed.  The  sides  of  all 
the  cusps  are  marked  with  distinct,  well  separated,  vertical  ridges.  Each 
extremity  of  the  internal  cusp  is  connected  with  the  principal  cusp  by  a 
ridge.     The  first  true  molar  has  fewer  cusps.     Those  of  the  heel  are  \ 

scarcely  distinct,  and  form  a  border  which  rises  prominently  into  the  flat  < 

internal  tubercle,  which  forms  a  narrow  longitudinal  blade.     The  anterior  ^ 

cingulum  has  no  cusp  and  does  not  rise  into  the  inner  tubercle.  The  prin- 
cipal cusp  has  a  strong  entering  groove  next  the  inner  tubercle.  Length 
of  crown  first  molar  .0115  ;  width  of  do.  .006  ;  elevation  of  do.  .006. 
Length  of  second  molar  .011  ;  width  of  do.  .007  ;  elevation  of  do. 
.0065.  Depth  of  ramus  at  do.  .020.  The  species  is  a  good  deal  smaller 
than  the  Amblyctonus  sinosus. 
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Triisodon  quivirensis,  gen.  et  sp.  nov.  (Jk(vr.  gen.  Derived  from  the 
lower  jaw.  Probably  only  three  premolars.  True  molars  alike,  consist- 
ing of  three  anterior  cusps  and  a  heel.  The  cusps  are  relatively  small  and 
the  heel  large.  Of  the  former  the  internal  is  much  smaller  than  the  ex- 
ternal, and  the  anterior  is  rudimental,  being  merely  a  projection  of  the 
cingulum.  The  cutting  edges  of  the  large  external  cusp  are  obtuse.  The 
heel  is  bsasin-shaped,  and  its  posterior  border  is  divided  into  tubercles,  of 
which  the  external  is  a  large  cusp.  The  fourth  premolar  has  no  anterior 
inner  tubercle,  so  that  the  anterior  part  of  the  crown  consists  of  a  com- 
pressed cutting  cusp.  The  heel  has  two  well-developed  posterior  cusps. 
The  third  premolar  has  a  similar  principal  trenchant  cusp,  but  a  smaller 
heel.     Canines  large. 

This  genus  differs  from  Herpetotherium  and  Ictops  in  the  simplicity  of  its 
fourth  inferior  premolar,  and  from  Stypolophus  Q.nd  Deltatherium  in  the  rudi- 
mental character  of  the  accessory  anterior  cusps  of  the  true  molars,  as  well 
as  in  the  three  premolars.  The  rudimental  anterior  cusp  of  the  true  mo- 
lars, with  the  three  similar  true  molars,  separates  it  from  PalcBonyctiSy  and 
the  presence  of  a  conic  inner  cusp  of  the  same  indicates  it  as  different 
from  Amblyctonus  and  Periptychus.  It  is  not  possible  to  state  whether 
Triisodon  must  be  placed  in  the  AmblyctonidoB  or  not,  on  account  of  the 
absence  of  the  superior  molar  teeth. 

This  specimen  of  the  type  species  of  this  genus  is  instructive  as  showing 
the  succession  of  premolar  teeth.  Both  the  third  and  fourth  premolars 
have  temporary  predecessors.  The  predecessor  of  the  fourth  premolar 
differs  much  from  it  in  form,  and  is  essentially  identical  in  all  respects 
with  the  true  permanent  molars.  The  crown  of  the  predecessor  of  the 
third  premolar  is  wanting,  the  roots  only  remaining  in  the  jaw. 

The  permanent  third  premolar  was  protruded  before  the  permanent 
fourth.  Which  temporary  tooth  of  Triisodon  is  homologous  with  the 
single  one  of  the  Marsupialia  pointed  out  by  Professor  Flower  ?*  As  the 
additional  permanent  teeth  of  the  placental  Mammalia  must  have  appeared 
later  in  time  than  the  one  already  found  in  the  implacentals,  they  must  be 
those  later  protruded ;  hence  the  fourth  tooth  in  the  jaw  of  Triisodon 
must  be  regarded  as  homologous  with  the  fourth  premolar  of  a  placental, 
which  is  the  last  of  that  series  to  appear.  If  this  be  true,  the  tooth  which 
follows  the  shed  tooth  of  the  Marsupials  is  not  the  fourth  premolar,  as 
supposed  by  Professor  Flower,  but  the  third  premolar.  This  view  is  con- 
firmed by  the  fact  that  the  milk  tooth  displaced  by  the  fourth  tooth  in 
Triisodon  resembles  in  all  respects  the  true  molars,  just  as  the  permanent 
tooth  occupying  the  same  position  does  in  DidelpJiys  and  some  extinct 
eocene  genera.  This  goes  to  show  that  this  tooth,  permanent  in  marsu- 
pials, is  temporary  in  placentals,  and  that,  in  spite  of  its  form  in  the  for- 
mer group,  it  is  the  fourth  premolar,  and  not  the  first  true  molar,  as  sup- 
posed by  Professor  Flower.  Thus  the  posterior  milk-molar  of  diphyodouts 
is  a  permanent  tooth  in  the  Marsupialia, 

*  Transactions  of  the  Royal  Society,  1867,  p.  631. 
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Thia  observation  conflnns  my  conclusion  that  the  Oredonta  form  a  group 
intermediate  between  tlie  Martupialia  and  Ca/mitora.  I  may  add  that  in 
JViMixiOT*  the  ioferior  border  of  the  lower  jaw  is  not  inflected  poslerioriy. 

Chwr.  apee\f. — Size  about  that  of  the  wolf.  Inferior  canine  directed  up- 
wards, its  section  nSariy  elliptic ;  a  lUint  posterior,  no  anterior  cutting 
edge.  Fourth  premolar  rather  large,  with  an  anterior  basal  cingnlum 
which  is  annulate  upwards,  and  is  not  continued  on  the  inner  side  of  the 
crown.  Cusps  of  the  heel  each  sending  a  ridge  forwards,  the  intenial 
lower,  obtuse  and  descending  lo  base  of  inner  side  of  large  cusp  ;  the  ei- 
ternal  larger,  with  an  acute  anterior  cutting  edge  continuous  with  the  cut- 
ting edge  of  the  large  cuap.  True  molars  with  an  external,  but  no  in- 
ternal basal  cingnlum.  Border  of  heel  with  one  large  and  three  smaller 
tubercles,  the  former  with,  the  latter  without,  anterior  cutting  edge.  Ena- 
mel of  all  the  teeth  nearly  smooth.  All  the  cusps  are  rather  obtuse. 
Measurements. — Length  of  inferior  molar  series  :  M.  .080  ;  long  diameter 
of  base  of  canine  .013  ;  length  of  true  molar  series  .044 ;  length  of  base 
of  Prem.  IV.  .016  ;  elevation  of  crown  of  do.  .014  ;  length  of  base  of  M. 
II.  .016  ;  width  of  do.  in  ftont  .011  ;  elevation  of  do.,  .014.  The  measure- 
ments of  the  jaw  are  not  given,  as  the  animal  is  not  adult,  the  last  molar 
not  being  yet  protruded. 

From  the  lowest  Eocene  beds  of  New  Mexico. 

DELTiTHEKiuM  FDNDAMiNis,  gcn.  et  sp.  uov.  Gkor.  Gen.  Fam.  Lep- 
ticUdm,  agreeing  with  Iefop$  and  Mesodeetes  in  possessing  an  internal  tu- 
bercle of  the  third  superior  premolar,  but  differing  f^om  both  in  having  but 
one  external  cusp  of  the  fourth  superior  premolar.  Char.  Specif.  Repre- 
seoted  by  the  dentition  of  both  maxillary  bones  minus  the  canines.  The 
second  premolar  is  convex  on  the  inner  &ce.  '  The  base  of  the  third  is  a 
nearly  equilateral  triangle.  The  bases  of  the  true  molars  are  triangles, 
with  the  bases  external.  The  internal  angle  supports  an  acute  cusp,  and 
has  a,  posterior  basal  cingnlum,  which  is  very  strong  in  the  last  three  mo- 
lars. The  two  external  cusps  of  the  first  and  second  molars  are  situated 
well  within  the  base,  which  is  folded  into  a  strong  cingulum.  This  cingn- 
lum develops  strong  anterior  and  posterior  angles.  This  is  the  largest 
species  of  the  family  yet  discovered.  Extent  of  series  of  last  six  molars, 
M.  .045  :  of  true  molars  .036  ;  diameters  of  fourth  premolar,  anteropos- 
terior .0074  ;  transverse  .0076  ;  do.  of  second  true  molar,  anteroposterior 
.0087;  transverse  .0100.  This  species  was  a  fourth  larger  than  the  com- 
mon opossum,  and  very  much  resembles  it  in  dental  charactere. 
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poaod  than  tho  intornal,  and  aro  somewhat  contracted  inwiirds.  In  tho 
uuworn  crown  tlieixj  is  a  distinct  anterior  inner  cusp,  which  is  soon  con- 
founded on  attrition,  Tho  hod  of  the  last  premolar  has  a  cresccntic  sec- 
tion»  tho  internal  horn  tho  narrower.  Tho  anterior  lobo  is  a  robust  cono. 
Tho  base  of  the  socond  and  third  premolar  is  obliquo  to  tho  axis  of  tho 
ramus  outwards  and  forwards.  It  is  posaiblo  that  thoro  is  a  minuto  Urst 
premolar  fllllng  tho  short  simco  between  tlio  second  and  the  nvnino. 
No  cingula  ;  enamel  obscurely  plicate,  n\mus  robust.  Length  of  molars 
minus  tho  last  .0405  ;  l<?ngth  of  biso  of  llrat  truo  molar  .010 ;  width  of  do. 
.000 ;  elevation  of  crown  do.  .0055  ;  length  of  base  of  fourth  premolar 
.011 ;  width  of  do.  .008 ;  elevation  of  crown  of  do.  .0005.  Anteroposte- 
rior diameter  of  base  of  crown  of  canlno  .010.  Depth  of  ramus  at  first 
truo  molar  .038 ;  width  of  do.  at  do.  .013.  This  genus  dilfers  tVom  ICatho- 
nj^x  in  the  form  of  the  fourth  premolar.  In  the  latter  Uio  anterior  lobe  is 
compressed  and  trenchiuit.  Tho  species  is  larger  than  any  of  that  goilus, 
and  nearly  equal  to  tho  Bctoganoi  gUrtfortntB, 

CATATHiii«im  RiiADDODON,  gon.  ot  sp.  nov.  Char,  (7<»n.  "With  this 
genus  I  commence  descriptions  of  several  genera  with  bunodont  donti- 
tion,  which  has  some  resemblance  to  that  of  some  of  tho  hogs.  The  one 
above  named,  with  MiocUfnnit  remind  one  of  Tetra^onodon  Falc.  and 
Lydd.,  in  the  enlarged  prt>portions  of  their  premolar  teeth.  I  comi>are  the 
genera  as  follows,  introdttcing  a  probably  porissodactyle  form  {IV^togonia) 
for  comparison : 

I.  Third  and  fourth  superior  premolars  one  or  two  lobod  externally,  and 
with  internal  lobes. 

a,  Superior  premolars  with  two  external  lobes  ;  Inforlor  fourth  with 
two  median  cusps. 

Intermediate  tubercles  ;  premolars  not  enlarged Phtnmodu^, 

aa.  HuiJorior  premolars  enlarged,  generally  with  one  external  cusp. 
/9,  A  posterior  Internal  cusp  of  superior  molars ; 
Intermediate  tubercles  present ;  last  inferior  premolar  with  inner  cusp ; 

CatathUfus, 
Intennediate  tubercles  wanting,  replaced  by  branches  of  an  Internal  V  ; 

no  cusp  on  inner  side  of  last  inferior  premolar Ani90tiehu9. 

Intermediate  tubercle  present,  connected  with  anterior  inner  by  ridges ; 

Inferior  molars  with  Vs. ..•..•.... Pi'otogonui, 

iSfi.  No  iwsterler  inner  cusp  of  superior  molars. 
Intermediate  tuboix^les  present;   no  inner  lobo  of  last  inferior  premolar 

II.  Superior  premolars  1,  3  and  8  without  inner  lobe  ;  third  with  tlirt^o 
external  lobes   (Pietet), 

Premolar  compressed • Dichobune, 

In  the  genus  Catathhi^M  the  development  of  the  premolars  is  remarkable 
while  tho  true  molars  are  relatively  small.  The  last  tlm»e  superior  pre- 
molars have  an  elevated  internal  croscentic  cingulum  homologous  with 
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the  inner  lobe  of  the  fourth  superior  premolar  of  the  ruminants.  The 
general  character  of  the  true  molars  is  that  of  Phenacodu^.  Parts  of  two 
or  three  individuals  of  this  species  have  come  into  my  possession,  one  of 
which  includes  nearly  all  of  the  molar  dentition  of  both  jaws.  The 
external  cusp  of  the  superior  premolars  is  compressed  conic,  and  the  in- 
ternal cingulum  extends  to  its  anterior  base  in  the  second,  third,  and 
fourth.  The  crown  of  the  last  true  molar  is  about  as  long  as  wide,  while 
that  of  the  first  is  wider  than  long.  Each  supports  seven  cusps ;  two 
subconic  external,  and  one  large  median  internal,  which  is  connected  by 
ridges  with  a  small  anterior  and  posterior  median.  Then  there  are  a  small 
anterior  and  posterior  internal,  making  three  internal.  The  internal  crest 
is  distinct  from  the  principal  cusp  in  the  inferior  premolars  III  and  IV, 
but  unites  with  it  in  the  II ;  it  supports  on  the  IV  an  anterior,  a  median 
and  a  posterior  cusp,  the  latter  forming  part  of  the  rather  narrow  heel. 
The  true  molars  I  and  II  have  seven  tubercles,  the  four  principal  ones, 
and  three  smaller,  one  anterior,  one  posterior,  and  one  median.  On  the 
third  the  posterior  forms  a  large  heel.  All  of  the  molars,  but  especially 
the  premolars,  have  the  enamel  thrown  into  sharp  vertical  parallel  folds, 
in  a  manner  I  have  not  seen  in  any  other  mammal.  Length  of  six  superior 
molars  .067  ;  length  of  three  true  molars  .029  ;  length  of  base  of  third 
premolar  .012  ;  width  of  do.  .012  ;  width  of  base  of  first  true  molar  .010  ; 
do.  of  third  true  molar  .009  ;  length  of  do.  .010.  Length  base  fourth 
inferior  premolar  .012  ;  width  do.  .010  ;  length  of  third  true  molar  .0115 ; 
width  of  do.  .009.  The  teeth  indicate  an  animal  of  the  size  of  the 
peccary. 

Anisonchus  8ECT0RIU8,  gcu.  ct  sp.  uov.  Char  Gen.  This  is  derived 
from  the  superior  P-m.  IV  and  M.  I  and  II,  and  from  all  the  inferior  mo- 
lars of  three  individuals.  The  superior  teeth  are  accompanied  by  a  ramus 
mandibuli,  which  contains  alveoli  of  all  the  inferior  molars,  and  the 
crowns  of  the  P-m.  IV  and  M.  II.  The  leading  characters  have  been 
given  above.  The  inner  posterior  lobe  is  more  prominent  in  this  genus 
than  in  any  of  the  others,  and  has  a  V-shaped  apex.  It  projects  further 
inwards  than  the  anterior  inner  lobe.  It  is  represented  by  a  mere  tubercle 
of  the  cingulum  in  Miocl(enns.  In  the  lower  jaw  the  last  premolar  is  quite 
simple,  consisting  of  a  principal  cusp,  and  a  non-cutting  heel.  The 
second  true  molar  has  intermediate  anterior  and  posterior  cusps.  The  ge- 
nus differs  from  Pantolestes  in  the  more  numerous  tubercles  of  the  molars, 
and  in  the  fact  that  the  anterior  inner  tubercle  of  the  true  molars  is  not 
double .    It  may,  however,  be  allied  to  that  genus. 

Char.  Specif.  The  fourth  superior  premolar  covers  a  larger  base  than 
either  of  the  true  molars-  Tlie  external  cusp  has  a  base  extended  antero- 
posteriorly,  but  the  apex  is  conical,  and  there  are  no  basal  tubercles.  The 
inner  cusp  has  a  crescentic  base  as  in  CatathlauSy  but  the  apex  is  nar- 
rowed and  compressed  conic.  The  external  tubercles  of  the  true  molars 
are  subconic,  and  do  not  develop  any  external  ridges.  They  are  connected 
bv  the  crescentic  sliehtlv  anirular  crest,  whose  apex  forms  the  inner  ante- 
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rior  boundary  of  the  crown.  This  crest  is  not  divided  into  parts  homolo- 
gous with  tho  intermediate  tubercles.  The  crowns  of  the  M.  I  and  II  are 
surrounded  by  a  bas»\l  cingulum>  which  in  tho  M.  I  develoi>s  a  tubercle  at 
the  anterior  external  angle.  No  internal  or  external  cingulum  on  P-nu 
IV.    Knamol  nearly  smooth. 

The  ramus  of  the  mandible  is  rather  slender  anteriorly.  The  P-m.  IV 
is  robust,  and  the  cusp  is  behind  tlie  middle  of  the  base  of  the  crown.  Tlie 
heel  is  short  and  narrow,  and  has  a  n\L«*ed  bonier,  connected  with  the  base 
of  tho  main  cusi>.  The  cus]>s  of  the  second  true  molar  are  elevated  and 
conic,  the  anterior  external  the  highest,  tlie  others  subequah  Tho  liase  of 
the  posterior  pair  is  a  little  narrt>wer  than  that/)f  the  anterior  imir.  There 
is  no  central  tubercle  as  in  CaUithUfus  rhdModoii,  and  no  basal  cingulum 
on  either  tooth. 

MHt9uremenU,  M. 

Length  of  three  superior  molars .0160 

^,  ,      Tk       r^^i  anten^postorior. 0055 

Diameters  superior  P-m,  I\  < ,  aa^a 

*  (transverse •  .0070 

-.,       ,  1      ^r  -r        <  antoroix)sterior 0053 

Diameters  superior  M.  I        <  ^  ^-^^ 

*  i  tnvnsverse OOftO 

Length  of  inferior  molar  series 0010 

**       **       ♦*     true  molar  series 01(10 

-.»       ,       ,  *   .      T>       Ttr  <  anteroiwsterior 0060 

Diameters  inferior  P-m.  IV  J  ^  -^.^ 

( tnuisverse 0040 

•^,       ,      J  i.   •     -fc.  TT         c  ai^t<^roi>^>sterior 0050 

Diameters  inferior  M.  II        <^         '  r^,,. 

i  transverse 0040 

Depth  ramus  at  M.  II 0090 

A  number  of  minor  i>oints  will  distinguish  this  species  fVom  those  in- 
cluded among  the  MrsodonUu  and  especially  tlioso  of  I^intoli'^ti'*,  which  it 
most  resembles.  The  molar  tet^th  are  narrower  beliind,  and  the  fourth 
premolar  is  larger.  It  is  MuH^dftmi  9te(oriu«i  American  Naturalist,  Octo- 
ber, 1881,  i\  mu 

MiorL.KNra  Ti'Hoim's,  gen.  et  s|x  nov.  This  genus  differs  fVoni 
CatathUrm  in  the  structure  of  the  inferior  pivmolars,  which  are  whhout 
internal  cn^st  or  cusjx  The  inner  lobe  of*  the  superior  pn>molars  is  less 
developed  than  that  genus.  In  the  pn^sent  species  the  characters  of 
Mioi^Urnu.^  an>  best  seen  in  the  subconical  tubercles  of  the  prtMuolars, 
particularly  that  of  the  heel  of  the  fourth  inferior  premolar.  In  the  other 
three  species  this  heel  is  more  of  a  crt»st  and  is  connected  with  the  princi- 
pal cusp  by  a  low  ridge,  Tho  four  species  may  be  characteriy.ed  as 
follows : 

«,  Cusps  of  last  premolars  conical  in  both  jaws. 

Size  medium.    Last  lower  molar  disproiH>rtionately  small ;  cusps  low ; 

two  anterior  inner  distinct ;  true  molars,  .018 3f.  fwr.(7iVfM«. 

aa.  Fourth  suiH»rior  premolar  with  flattened  external  and  conic  inter- 
nal cu.sp ;  inferior  unliuown. 
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Size  medium  ;  fourth  upper  premolor  equilateral ;  all  cusps  acute ;  tme 

molars  .0165 M.  tubfrigemu. 

atta.  Cusps  of  last  premolars  compressed  in  lower  jav. 

Least.  Second  and  third  lover  true  molars  suhequal ;  cusps,  especiallj 
the  internal,  elevated  ;  anterior  inner  confluent  into  an  edge ;  true 
molars,  .013. Jf.  anguttiu. 

Largest;  cusps  of  inferior  molars  ohtose;  P-m.  m  .008,  its  heel  short 
and  Bmall M.  mandH/alaril, 

Hedium  ;  last  inferior  molar  larger  than  penultiiaate  ;  true  molars,  .014 ; 
P-m.  in  .006 Anuonchua  leeloritit. 

Of  J£  turgidui  there  are  two  sxtecimens ;  and  of  M.  miitrigomu,  M.  an- 
gmtas  and  M.  mandibularit  one  each. 

In  the  X.  targidut  there  are  no  cinguls  on  the  fourth  premolar.  It  b 
wider  than  long,  and  the  external  fkce  is  a  little  flattened.  The  tubercles 
are  conic;  the  external  has  a  small  one  at  the  anterior  base,  and  a  rudi- 
ment at  the  posterior  base,  and  there  is  a  low  one  on  the  posterior  side  at 
the  middle.  The  second  true  molar  is  wider  than  the  first.  The  tubercles 
are  alt  round  in  section.  Besides  those  already  mentioned,  there  ia  a  rudi- 
ment of  a  posterior  inner  on  the  first,  which  is  represented  h;  a  cingnlum 
on  the  second.  The  latter  has  basal  cingula  all  around  except  on  the  inner 
side  ;  the  same  are  visible  on  the  first  true  molar  in  a  rudimenial  condition. 
Enamel  nearly  smooth. 

The  inferior  molars  are  of  robust  proportions.  Their  sizes  are,  commenc- 
ing with  the  largest :  F-m.  IV  ;  M.  n ;  M.  I ;  M.  HI.  The  last  molar  is 
only  half  as  large  as  the  penultimate.  It  has  two  anterior  and  an  external 
lateral  tubercles,  and  a  heel.  On  the  penultimate  molar,  there  are  two  an- 
terior tubercles  with  a  trace  of  anterior  inner  ;  also  a  broad  flat  heel,  with 
a  low  tubercle  on  the  external  side.  The  constitution  of  the  first  true  mo- 
lar ia  identical.  The  fourth  premolar  has  a  rudimental  heel  consisting  of 
a  low  tubercle  only.  The  principal  cusp  ia  conic  and  ia  over  the  middle 
of  the  transverse  diameter,  and  a  little  behind  the  middle  of  the  antero- 
posterior  diameter.    No  cingula.    Enamel  nearly  smooth. 

MeaturtmetUt.  M. 

Maxillary  bone. 

Length  of  base  of  P-m.  rV,  M.  I  and  M.  H 0175 

Diameters  base  Pm   IV         J  »'>t«">P«aterior 0055 

Diameters  base  p.m.  IV        J  tj^„gverse 0065 

Diameter  base  M.  I  S!"!!!^"'^"'" JJ^ 
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T^UmntnroAr  T  c  anteroposterfor 0060 

Diameters  M.  I  < .  i^o/\ 

i  transverse 0060 

■rx,       X      -me  xxT  <  anteroposterior 0056 

Diametors  M.  in  ^n^nsverse 0048 

Depth  of  ramus  at  M.  I 0115 

Thickness    "      **     "  0085 

MiocL^NUs  SUBTRIGONUS,  sp.  nov.  Represented  by  a  portion  of  a  cra- 
nium anterior  to  the  orbits  and  lacking  the  extremity  of  tlie  muzzle,  dis- 
torted by  pressure.  It  exhibits  nearly  all  of  the  molar  teeth.  The  spe- 
cies differs  from  M,  tttrgidus  in  the  greater  acuteness  of  all  its  cusps,  and  in 
the  equilateral  form  of  the  fourth  premolar.  It  is  too  large  to  belong  to 
the  Af,  angitstudt  which  is  represented  by  a  mandible  only  ;  and  too  small 
to  be  the  M.  fnandibulariSt  whose  maxillary  dentition  is  unknow^n. 

The  inner  borders  of  the  molar  teeth  are  shorter  than  tJio  outer,  esi^e- 
cially  in  the  last  two  molars.  The  last  true  molar  is  smaller  than  either 
of  the  others.  The  cusps  are  all  subconical,  but  the  internal  is  connected 
with  the  intermediate  by  ridges,  which  give  it  a  triangular  section.  Tlie 
latter  form  a  Y,  homologous  with  that  in  AnMonchus,  but  not  so  distinct, 
and  tlie  intermediate  tubercles  are  not  lost  in  its  branches  as  in  that 
genus.  The  posterior  inner  lobe  of  that  and  other  genera,  is  represented 
by  a  thickening  of  the  cingulum.  This  cingulum  extends  entirely  round 
the  P-m.  IV  and  M.  I,  and  M.  II ;  the  M.  Ill  is  injured.  The  sides  of  the 
base  of  the  P-m.  IV  are  slightly  concave.  The  enamel  of  all  the  molars  is 
wrinkled. 

Measurements,  M. 

Length  of  bases  of  last  five  molars 0285 

Diameters  of  base  of  P-m.  IV  I  »»l«"'P'>«'«-'ri»'- ^ 

i  transverse 0050 

T^.       ,        -,         r.^r  T         (anteroposterior 0060 

Diameters  of  base  of  M.  I         <  ^  ^„^ 

I  tmnsverse 0060 

T^,       ,      ,  -  ,,  Tr  ( anteroiK)8tei*ior 0060 

Diameters  base  of  M.  II  ]  ,^,„,,,'    ^  r^^^ 

( transverse 00i5 

T^.       ^      ,         *■.*  TTT  c  anteroposterior .,  .0040 

Diameters  base  of  M.  Ill  \^         *  ,^^^ 

I  transverse... 0060 

MiocL^NUB  ANGUSTUs  Copc,  American  Naturalist,  1881,  October  (Sep- 
tember  32d),  p.  831.  The  least  species  of  the  genus,  with  the  teeth  about 
the  size  of  Jlyop^odui  paulus  Leidy,  but  with  more  robust  jaw.  The  molar 
teeth  diminish  in  size  regularly  posteriorly  ftt)ra  the  P-m,  IV.  They  all 
have  three  subequal  ^wsterior  cusps  which  are  less  elevated  than  the  ante- 
rior ones.  The  median  is  enlarged  into  a  heel  on  the  last  tooth.  The 
anterior  are  opposite,  and  the  external  is  larger  than  the  internal.  There 
is  no  anterior  internal.  The  external  wears  into  an  anterojwsterior  narrow 
grinding  surface,  which  looks  like  a  combination  with  an  anterior  median. 
The  latter  is,  however,  not  separate  on  the  least  worn  molars.    The 
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anterior  outer  cusp  iacreaseB  in  size  anterioriy,  and  is  the  large  cusp  of 
the  P-m.  IV.  It  sends  a  branch  backwards  on  the  inner  side  of  the  crown 
which  fomiB  the  edge  of  the  narrow  concave  heel.  There  are  no  cingula 
except  a  short  one  on  the  anterior  comers  of  the  base  of  the  crown  of  Ihe 
P-m.  IV.    Eoainel  obscurely  wrinkled. 

MeaguTementt.  M. 

Length  of  posterior  four  molars 0180 

_,.  ^Ti       TTT  (anteroposterior 0050 

Diametera  of  P-m.  IV  J  t  '   00^^ 

■nt       .        r-tr  T  (anteroposterior 0050 

Diameters  of  M.  I  J  ,™„„„™^  0035 


DiameUrsofM.  H                    1  i«„'s3e'^°' ■.'.■.; i! .'  '^2 
Diamet*™  of  M.  UI  \  ^^^^^°P^^^^^ »« 


Depth  ramus  at  M.  1 0110 

Thickness"    "    '■  0080 

Phenacobus  PUEBCBIJ8I8,  sp.  nov,  Thrco  individuals.  Last  superior 
molar  smallest ;  first  and  second  true  molars  with  sis  tubercles,  two  ex- 
ternal, two  median  and  two  internal.  A  strong  basal  cingulum  except  on 
inner  side.  Inferior  true  molars  besides  the  usual  five  tubercles,  furnished 
'With  an  anterior  ledge  with  a  tubercle  at  Its  interior  extremity.  A  weak 
external  basal  cingulum.  A  little  larger  than  the  P.  trortmani.  Length 
of  superior  true  molars  M,  .021  ;  length  of  baae  of  crown  of  M.  Ill 
.006 :  do.  of  M.  I  .008 ;  width  of  do.  .008 ;  length  of  base  of  crown  of 
inferior  M.  Ill  .0085;  width  of  do.  in  front  .006 ;  depth  of  ramus  at  M. 
1 .019. 

Phesacodds  zuNiENsrs,  sp.  nov.  The  least  species  of  the  genus,  rep- 
resented by  the  mandibles  of  two  individuals.  The  first  and  second  true 
molars  are  narrowed  in  front,  and  there  is  do  distinct  anterior  ledge,  only 
a  minute  anterior  inner  tubercle.  The  external  cingulum  is  more  distinct 
and  the  enamel  is  wrinkled.  Tlie  fourth  premolar  has  a  short  base  and 
the  inner  cusp  is  much  smaller  than  the  principal  one ;  it  has  a  wide  heel 
and  an  anterior  basal  tubercle.  Length  of  true  molars,  M.  ,018;  of  last 
true  molar  .006;  of  base  of  first  true  molar  .006;  width  of  do.  .001; 
depth  of  ramus  at  do.  .011. 

Protoqonia  suBiit'AURATA,  gen.  et  sp.  nov.  Fourth  superior  premolar 
with  one  external  and  one  internal  lobe.     True  molars  with  two  external, 
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rior  molars,  if  they  are  properly  identified ;  and  in  the  superior  molars. 
The  anterior  transverse  crest  of  that  genus  is  represented  in  Protogania, 
but  not  the  posterior.  This  is  replaced  by  a  low  ridge  running  across  the 
course  it  pursues  in  HyracotJierium.  The  posterior  median  tubercle  is  also 
not  found  in  the  latter  genus.  Protogonia  differs  from  lAmnohyus  in  the 
subconic  character  of  the  external  lobes  of  the  superior  molars.  If  the  tu- 
bercles, excepting  the  posterior  inner,  should  be  converted  into  crescents, 
the  genus  Meniscotherium  would  be  produced. 

CJiar.  Specif,  Probably  two  specimens  ;  one  supporting  three  superior 
molars  ;  the  other  including  damaged  superior  molars  and  the  last  two  in- 
ferior molars.  The  animal  was  about  the  size  of  the  red  fox.  The  exter- 
nal cusp  of  the  fourth  superior  premolar  is  flattened  externally,  and  has  a 
small  lobe  on  its  posterior  edge.  The  inner  tubercle  is  conic  and  is  sepa- 
rated by  a  tubercle  from  the  anterior  base  of  the  external.  True  molars 
without  external  ridges.  The  external  cusps  of  the  true  molars  are  lentic- 
ular in  section.  The  posterior  inner  cusp  is  in  nearly  the  same  antero- 
posterior line  with  the  anterior,  its  section  about  equaling  that  of  the 
intermediate  cusps.  The  first  and  second  molars  have  an  external,  an 
anterior  and  posterior,  but  no  internal,  basal  cingula.  The  enamel  is 
somewhat  wrinkled  where  not  worn. 

The  heel  of  the  last  inferior  true  molar  is  elevated,  and  its  worn  surface 
forms  the  extended  posterior  branch  .of  the  posterior  V.  The  posterior 
edge  of  the  penultimate  molar  is  elevated  and  curved  forwards  on  the  in- 
ner side  of  the  crown.  The  anterior  cusp  forming  the  angle  of  the  V  of 
this  tooth,  is  higher  than  the  posterior  angular  cusp,  but  the  anterior  limb 
descends  rapidly  as  in  Coryphodon.  A  weak  antero-extemal,  and  postero- 
external cingula.     Enamel  wrinkled  where  not  worn. 

Measurements.  M. 

No.  1. 

Length  of  bases  of  three  superior  molare 025 

^.        ,         -  .     -r*       xxr  ^  anteroposterior 0066 

Diameters  of  supenor  P-m.  IV  \  t^^^^^rse 0086 

--^.        ,         -  .     iir  T        ^  anteroposterior 0085 

Diameters  of  superior  M.  I        <  ^  ^^ . 

^  i  transverse Oil 

T^.       ^  •     ■»*•  TT  ^  anteroposterior 009 

Diameters  superior  M.  II  I  *^  ^^^ 

( transverse Oil 

No.  2. 

Length  of  bases  of  last  two  inferior  molars 0225 

T^.        ^         PI    *.  r.    .  1     (anteroposterior 0114 

Diameters  of  last  inferior  molar  <  ^  ^  ^.^„ 

( transverse 0066 

-p..       ^         p*  r    •     HT  TT        (anteroposterior 0112 

Diameters  of  inferior  M.  11        <  *  ^^^^ 

( transverse 0080 

Depth  of  ramus  at  M.  II 0240 

Thickness     "       **      "     0110 

Meniscotheritjm  terr^rubr^,  sp.  nov.  My  specimens  of  this  species 
embrace  the  dentition  of  several  individuals. 
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The  dimensions  of  the  superior  molars  increase  to  the  penultimate, 
while  the  external  and  posterior  sides  of  the  last  molar  are  contracted,  re- 
ducing its  size.  The  external  faces  of  the  external  Ys  of  the  true  molars 
are  considerably  impressed ;  those  of  the  premolars  are  nearly  flat. 

The  second  premolar  is  two-rooted,  and  has  a  compressed  crown,  with- 
out either  heel  or  cingulum,  except  a  thickening  of  the  posterior  base. 
The  base  of  the  crown  is  triangular.  The  external  plate  of  the  third  pre- 
molar is  simple,  and  is  connected  with  the  internal  cusp  by  a  cingulum 
on  the  posterior  base  of  the  crown.  The  crown  is  transverse,  and  the 
inner  tubercle  rather  small.  The  fourth  premolar  is  much  larger  than  the 
third.  Its  external  plate  is  divided  into  two  apices,  which  are  not  im- 
pressed. Their  external  faces  are  separated  by  a  faint  ridge,  and  are 
divided  medially  by  a  faint  ridge.  The  anterior  external  angle  is  rather 
prominent.  The  anterior  and  a  posterior  cingulum  extend  to  and  round 
the  inner  base  of  the  interior  tubercle.  "Within  the  anterior  external  apex, 
is  a  well  developed  intermediate  crest  parallel  to  it ;  and  there  is  a  corres- 
ponding crest  within  the  posterior  external  apex.  This  one  turns  inwards 
at  its  posterior  extremity,  which  is  on  the  posterior  cingulum. 

The  anterior  angle  or  horn  of  each  external  crescent  of  the  true  molars  is 
very  prominent.  They  are  sections  of  short  vertical  ridges,  which  unite 
near  the  base  of  the  crown,  giving  abruptness  to  the  impression  of  the  ex- 
ternal surface  of  the  anterior  lobe.  The  middle  of  each  face  has  a  faint 
median  ridge.  The  two  molars  have  an  anterior  basal  cingulum,  but  no 
posterior  or  internal,  excepting  a  trace  between  the  bases  of  the  internal 
lobes.  The  anterior  intermediate  crescent  is  quite  parallel  with  the  ex- 
ternal ;  the  anterior  internal  tubercle  has  a  slightly  V-shaped  section.  The 
posterior  inner  tubercle  is  quite  confluent  with  an  oblique  intermediate 
crest,  as  in  M.  chamense.  In  the  last  true  molar,  as  there  is  only  one  in- 
ternal tubercle,  this  crest  is  short,  terminating  at  the  posterior  border. 
The  last  true  molar  is  like  the  last  premolar,  except  in  its  two  impressed 
external  crescents. 

A  fragment  of  the  right  branch  of  the  lower  jaw  supports  two  molars, 
and  the  alveoli  of  two  others,  all  of  which  have  two  roots.  These  teeth 
are  the  four  premolars,  although  the  last  one  has  the  form  of  the  first  true 
molar.  Should  my  surmise  be  correct,  then  the  third  premolar  has  nearly 
the  same  form  and  structure  as  the  fourth.  The  anterior  horn  of  its  ante- 
rior V  is  not  produced  quite  so  far  inwards  as  in  the  fourth  tooth.  At  the 
point  of  junction  of  the  adjacent  horns  of  the  Vs  there  is  a  slight  antero- 
posterior extension,  forming  a  median  buttress  of  the  inner  side  of  the 
crown  as  in  AnchitheHum.  The  posterior  horn  of  the  posterior  V  is  also 
incurved,  as  in  that  genus.  The  angles  of  the  Vs  of  the  inferior  molars 
are  rounded. 

The  surfaces  of  the  enamel  of  the  teeth  of  both  jaws  is  smooth. 

Measurements.  M. 

Length  of  superior  molars,  less  P-m.  I 046 

"      of  true  molar  series 028 

**      of  base  of  P-m.  II 005 
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Jfeaturements,  M. 

T^.       ^         rv       -n       ttt  f  anteroposterior 006 

Diameters  of  base  P-m.  Ill  i  ^  «^„ 

(transverse 007 

"        of  base  P-m.  IV  |  anteroposterior 008 

(transverse 010 

"         of  base  01  M.  II  {  anteroposterior Oil 

(transverse 013 

r  vertical 005 

"        inferior  P-u.  m  (or  IV)  -s  anteroposterior .. .  .007 

(_  transverse 005 

Depth  of  ramus  at  same  tooth 012 

Thickness  ramus  at  succeeding  tooth 009 

The  Meniscoiherium  terrcBrubrcR  differs  from  the  M.  ehamense  in  two 
features.  The  first  is  its  superior  size.  The  second  is  the  flattened  form 
of  the  external  faces  of  the  true  molars  and  the  absence  of  the  convexity 
of  the  external  bases  of  the  crown. 

My  specimen  of  this  species  is  from  the  red  Eocene  bed  in  Northwestern 
New  Mexico,  from  the  true  Wasatch  horizon,  or  higher  than  that  which 
produced  the  other  species  here  described.  It  was  found  by  my  assistant, 
D.  Baldwin. 

Hem  ARES. 

As  stated  in  my  report  to  Lieut.  "Wheeler  in  1877,  no  vertebrate  remains 
had  been  found  in  the  Puerco  beds,  which  underlie  the  Wasatch  in  New 
Mexico,  up  to  that  time.  It  was  therefore  uncertain  whether  they  form 
the  top  of  the  Cretaceous  or  the  bottom  of  the  Tertiary  series.  I  have 
recently  obtained  evidence  of  the  existence  of  Cliampsosaurus  in  them,  so 
that  their  position  might  be  supposed  to  be  in  the  Postcretaceous  system. 

It  is  however  quite  possible  that  the  species  of  Mammalia  described  in 
this  paper  were  derived  from  the  Puerco  Formation.  Their  horizon  is  be- 
low the  Wasatch,  and  they  represent  a  different  fauna  from  that  of  those 
beds. 

Attention  has  already  been  directed  to  this  fauna  in  the  pages  of  the  Amer- 
ican Naturalist*  I  have  recorded  the  presence  of  the  Creodont  genera, 
Periptychus,  Triisodon  and  Deltatherium,  and  of  the  saurian  Champ- 
sosaurus.  I  have  now  added  the  genera  Hyracotherium  and  MeniscotJierium, 
and  a  number  of  new  forms  of  considerable  interest.  These  are  the  Creo- 
dont MesonyXy  a  new  genus  allied  to  Esthonyx,  and  a  series  of  genera  and 
species  with  a  suilline  type  of  dentition,  but  whose  affinities  are  by  no 
means  certain.  This  point  cannot  be  determined  until  the  characters  of  the 
feet  are  known. 

The  facies  of  this  fauna  differs  in  several  points  from  that  of  the 
Wasatch.  Goryphodon  has  not  yet  been  discovered  in  it,  and  the  flesh- 
eaters  are  very  primitive.     The  suilloid  genera  are  characteristic. 

♦April,  August  and  October,  1881. 
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Stated  Meeting^  October  7,  1881. 
Present,  12  members. 

President,  Frederick  Fraley,  in  the  Chair. 

Letters  of  acknowledgment  were  received  from  the  Society 
at  Stuttgard  (105,  106,  List) ;  the  E.  Danish  Society  (107,  108, 
XViii) ;  the  Dutch  Society  at  Harlem  (105,  106,  List);  the  R. 
Academy  at  Amsterdam  (106);  the  Zoological  Society  at 
Amsterdam  (107,  108,  XViii) ;  the  Agricultural  Society  at 
Lyons  (102-106);  the  E.  S.  of  Edinburg  (106);  the  Geol.  Sur- 
vey of  Canada  (108) ;  and  the  University  of  the  City  of  New 
York  (108.) 

Letters  of  envoy  were  received  from  the  Hungarian  Academy ; 
the  Eoyal  Academy  and  Zoological  Society  at  Amsterdam ; 
the  Central  Statistical  Bureau,  Dutch  Society  and  Teyler 
Foundation  at  Harlem ;  and  the  Natural  History  Society  at 
Hanover. 

A  letter  requesting  a  copy  of  Proceedings  No.  92,  was  re- 
ceived from  the  Meteorological  Institute  at  Vienna. 

A  letter  rejecting  the  "  American  Catalogue  "  was  received 
from  Armstrong  &  Co.,  N.  Y. 

Donations  for  the  Library  were  received  from  the  Asiatic 
Society  of  Japan;  the  Eussian,  Prussian,  Hungarian  and  Dutch 
Academies,  and  the  Academies  at  Eome,  Turin  and  Dijon: 
the  Natural  History  Societies  at  Moscow,  Hanover  and  Stutt- 
gard ;  the  Observatory  at  St.  Petersburg ;  the  Geographical, 
Anthropological  and  Zoological  Societies  and  Geological  Insti- 
tute, in  Vienna ;  the  German  Geological  Society  in  Berlin ;  the 
Statistical  Bureau  at  Harlem  ;  the  Zoological  Society  at  Am- 
sterdam ;  the  Entomological  Society  and  Statistical  Bureau  at 
Brussels ;  the  Geological  Committee  of  Italy ;  the  Guimet 
Museum  and  Agricultural  Society  at  Lyons ;  the  Geographical 
Society  and  Society  of  Sciences  at  Bordeaux ;  the  Anthropo- 
logical, Ethnographical,  Antiquarian  Societies,  Polytechnic 
School,  and  Political  and  Literary  Be  view,  at  Paris;  the  Society 
at  Cherbourg ;  the  Victoria  Institute,  Meteorological,  Geograph- 
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ical,  Geological,  Zoological  and  Asiatic  Societies,  Nature  and 
the  Cobden  Club,  at  London;  the  Societies  at  Cambridge, 
Falmouth,  Leeds,  Liverpool,  and  Edinburg;  the  Mass.  Hist. 
Society ;  Peabody  Museum ;  the  American  Antiquarian  Society ; 
the  American  Journal  of  Science ;  the  American  Journal  of 
Pharmacy ;  the  U.  S.  Department  of  Agriculture ;  the  National 
Museum  at  Mexico ;  Mr.  Eli  K.  Price,  and  Mr.  F.  Fraley. 

The  death  of  Captain  Carlile  P.  Patterson,  Superintendent 
of  the  Coast  and  Geodetic  Surveys  of  the  United  States, 
was  announced  by  Mr.  Fraley. 

BesoUedy  That  Mr.  Robert  Patterson  be  requested  to  prepare  an  obituary- 
notice  of  the  late  Mr.  William  E.  Dubois. 

Communications  were  received  entitled : — 

"  Notes  on  the  Coal  Field  Near  Canon  City ;"  and  "  Notes 
on  the  Quinnimont  Coal  Group  in  Mercer  Co.  W.  V^a.  and 
Tazewell  Co.  Va.  by  John  J.  Stevenson,  Professor  of  Geology 
in  the  University  of  the  City  of  New  York." 

Professor  Cope  exhibited  a  recently  discovered  lower  jaw 
of  Triisodon  quiverensis  from  New  Mexico,  in  an  almost  per- 
fect condition,  with  four  molars  and  two  premolars  of  marsupial 
type.  Beneath  the  premolars  are  exhibited  (by  fracture)  two 
perfectly  formed  successional  teeth  of  carnivorous  type.  He 
explained  the  systematic  importance  of  the  fact. 

Mr.  Lesley,  remarked  that  he  thought  it  had  importance  also  in  the 
transcendental  discussion  of  the  development  theory  ;  since  it  represented 
the  form-force  of  this  individual  creature  as  performing  its  functions  of 
bodily  creation  under  the  inspiration  of  two  form-ideas  or  type-principles 
at  the  san;ie  time  and  not  in  the  succession  of  time.  And  if  this  be  true  of 
an  individual  form -force,  it  supposes  the  same  to  be  true  of  the  form -force 
of  the  world  at  large. 

If  in  a  single  jaw  we  see  the  process  of  realizing  two  distinct  organic 
types  at  the  same  moment — the  alleged  older  type  not  producing  the 
alleged  later  type  by  natural  generation  ;  nor  even  preparing  for  its  ap- 
pearance on  the  scene — and  if  we  see  the  two  types  not  separated  by  any 
interval  of  time,  and  not  transcendentally  transmuted  one  into  the  other 
through  intermediate  gradations  of  type  form — then,  there  is  no  necessity 
for  seeking  any  other  cause  for  such  intervals  or  graduations,  when  ap- 
parent in  the  geological  record,  except  the  intelligence  of  the  universal 
form -force  in  nature,  whatever  that  may  be. 

In  other  words,  no  theory  of  natural  selection  can  be  used  to  account 
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for  the  presence  of  a  wolfs  tooth  beneath  an  opossum's  tooth  in  the  same 
jaw.  The  creative  energy  in  this  case  is  neither  governed  by  memory, 
nor  by  present  necessity  ;  but  is  intelligently  prophetic  of  future  emergen- 
cies. And  that  is  precisely  our  simplest  definition  of  divine  providence. 
But  it  is  also  our  simplest  definition  of  practical  invention.  Combining  the 
two,  we  get  the  view  taken  by  Mr.  Agassiz,  instead  of  the  view  taken  by 
Mr.  Darwin. 

Professor  Cope  exhibited  also  a  very  interesting  tooth,  which 
he  named  Ptihdus  medieevits,  from  the  Lower  Eocene  of  New 
Mexico. 

The  importance  of  this  discovery  lies  in  the  fact  that  it  furnishes  an  inter- 
mediate link  between  the  Plagiaulax  of  the  Jura  and  the  recent  Australian 
Hypsiprymnus  ;  which  two  instances  of  the  general  type  have  hitherto  re- 
mained separated  from  each  other  by  the  whole  Cretaceous  and  Tertiary 
interval. 

Pending  nominations,  Nos.  934  to  945  were  read. 
The   expediency   of  printing  certain  communications  was 
referred  for  consideration  to  the  Finance  Committee. 
On  motion  of  Mr.  Fraley,  it  was 

Hesolved,  That  the  Society  most  earnestly  recommends  the  appointment 
of  Mr.  J.  E.  Hilgard,  as  Superintendent  of  the  Coast  and  Qeodetic  Sur- 
veys of  the  United  States,  believing  him  to  be  most  eminently  fitted  for 
the  discharge  of  the  duties  of  the  office,  by  his  long  and  faithfol  services 
in  conducting  said  surveys,  and  by  his  skill,  ability,  and  full  knowledge 
of  all  that  is  required  to  make  said  surveys  honorable  to  the  Government 
and  usef\il  to  the  people. 

And  the  meeting  was  adjourned. 


Notes  on  the  Quinnimont  Goal  Group  in  Mercer  Go,  of  West  Virginia  and 
Tazewell  Go,  of  Virginia,  By  John  J,  Stevenson,  Professor  of  Otology 
in  tJie  University  of  the  Gity  of  New  York, 

{Read  before  tJu  American  Philosophical  Society,  Oct.  7,  1881,) 

Bluestone  creek,  formed  at  the  easterly  edge  of  Tazewell  county,  Virginia, 
by  the  union  of  Laurel  and  Mud  forks,  flows  across  Mercer  and  Summers 
counties  of  West  Virginia  to  the  New  river,  which  it  reaches  at  about 
four  miles  south  from  Hinton,  a  station  on  the  Chesapeake  and  Ohio  rail- 
road. It  receives  tributaries  from  the  north,  known  as  Little  Bluestone, 
Mountain,  Camp,  Wolf,  Wide  Mouth,  Flippon  and  Simmons  creeks.  The 
first  four  of  these  rise  in  an  elevated  ridge,  known  as  Flat  Top,  which 
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separates  the  waters  of  Bluestone  from  those  of  the  Guyandot.  But 
beyond  the  liead  of  Wolf  creek,  the  streams  rise  in  a  narrow  ridge,  ftx>m 
whose  opposite  side  flow  those  streams  which  form  the  Tug  fork  of  Sandy 
river.  This  is  a  mere  knife-edge,  so  narrow  at  times  as  barely  to  afford 
room  for  the  country  nmd,  which  follows  its  crest. 

The  surface  features  of  the  region  on  both  sides  of  Bluestone  and  beyond 
the  divide  westward  are  due  wholly  to  erosion.  The  carving  is  stupendous. 
Standing  on  any  of  the  high  points  of  Flat  Top  mountain  and  looking  into 
Mercer  county  on  the  one  side  or  into  McDowell  and  Wyoming  on  the  other, 
one  can  compare  the  surface  only  to  that  of  an  ocean  petrified  at  the  height 
of  a  terrible  storm.  But  this  comparison  fails.  Narrt>w  ridges,  rising  to 
a  height  of  900  to  1400  feet,  separate  equally  narrt)w  valleys,  in  which  flow 
rapid  streams,  carrying  much  water  during  a  great  part  of  the  year.  The 
slopes  of  these  ridges  are  abrupt,  sometimes  reaching  35^,  and  are  covered 
by  a  dense  forest  of  white  oak  and  poplar  (tulip-tn»e). 

The  whole  region  is  known  as  '^Flat  Top."  All  the  summits  between 
Flat  Top  mountain  and  Peters  mountain  have  been  planed  off  to  a  rudely 
level  surface,  a  condition  wholly  independent  of  the  dip,  which  north 
from  Bluestone  varies  from  7^  to  a  mere  frt\ction  of  a  degree.  Beautifully 
perfect  benches  were  seen  at  from  400  to  1)00  feet  above  Bluestone  creek, 
in  the  ridges  sei)an\ting  tributaries  to  that  stream,  while  still  higher 
benches  were  observed  on  Flat  Top  mountain.  But  as  no  spirit-level 
determinations  were  at  hand  along  Bluestone,  no  notes  were  taken  respect- 
ing the  relations  of  these  benches. 

The  influence  of  the  Abb's  Valley  fault  *  is  shown  along  the  line  of 
Bluestone,  for  there  the  dips  are  well  marked,  whereas  as  one  goes  north- 
ward frt)m  that  stream,  they  become  insignificant. 

Along  the  New  river  at  Hinton,  a  fine-gmined,  grit-like  sandstone 
occurs,  which  belongs  to  the  Mountain  Limestone  division  of  the  Lower 
Carbonifeix)Us.  It  forms  a  clift*  at  numerous  localities  on  the  Chesapeake 
and  Ohio  niilroad,  both  above  and  below  Hinton,  and  can  be  traced  along 
New  river  to  the  mouth  of  Bluestone.  as  well  as  up  that  stream  to  the 
mouth  of  Little  Bluestone.  Higher  membei*s  of  the  group  appear  as  one 
ascends  the  stream,  and  the  Quiuniuu)nt  coal  group  is  reached  before  one 
comes  to  the  junction  of  Laurel  and  Mud  creeks,  in  Tazewell  county  of 
Virginia.  The  top  of  this  group  is  not  caught  within  the  region  visited, 
which  extends  oulv  to  four  miles  above  the  mouth  of  Laurel  creek. 

A  section  was  obtained  on  Laurel  creek,  which  does  not  reach  the 
bottom  of  the  Quinnimont  group,  but  it  embraces  all  of  the  important 
beds  of  the  series.     It  is  as  follows  : 

1.  Concealed 70' 

2.  Sandstone 10' 

8.  Drab  Shale 20' 

4.  Purdue  Coal  bed 2' 

5.  Sandstone 30' 

•  Described  by  Prof,  J.  P.  Lesley,  Proo.  Amer.  Phil.  Soo  .  1872. 
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6.  Concealed 45' 

7.  Sandstone 10' 

8.  Shale 0' 6'' 

9.  St  Clair  Coalbed 2' 

10.  Sandstone 55' 

11.  Beed  Coalbed 3' 

12.  Sandstone 45' 

13.  Tabor  Coalbed 3' 

14.  Sandstone 30' 

15.  Coal  Branch  Coal  bed 9' 

16.  Sandstone 70' 

17.  NeUon  Coal  bed 11' 

18.  Sandstone  and  Shale 36' 

19.  Coal  bed 1' 6" 

20.  Shale  and  Sandstone 34' 

21.  Coal  bed 1' 

22.  Sandstone 23' 

23.  Coal  bed Blossom. 

The  section  begins  in  McDowell  county  of  West  Virginia,  on  the  divide 
separating  Bluestone  from  Tug  fork  of  Sandy  river.  It  vras  obtained  by 
examinations  along  Coal  branch,  Sluss'  branch  and  Haines'  Cabin  branch, 
all  entering  Laurel  creek,  as  well  as  upon  the  Tazewell  and  McDowell 
road  and  along  Laurel  creek  itself.  Laurel  creek  flows  almost  eastward 
and  the  head  of  Haines'  Cabin  branch  is  at  7  miles  from  the  mouth  of  the 
creek.  The  top  of  the  section  was  reached  at  the  head  of  Haines'  Cabin 
branch  and  of  one  fork  of  Coal  branch.  The  highest  beds  are  not  shown, 
no  coal  blossom  appears  in  the  ploughed  fields  and  only  fragments  of 
shale  and'  sandstone  are  found  in  the  debris  covering  them. 

The  blossom  of  the  Purdue  coal  bed  was  seen  on  the  Tazewell  and 
McDowell  road,  very  near  the  line  between  these  counties.  It  was  fully 
exposed  near  the  same  road  in  making  an  excavation  for  a  spring-house  on 
the  Purdue  property,  where  it  is  said  to  be  4  feet  thick,  but  the  exposure  is  in- 
significant now.  A  very  good  exposure  was  found  near  the  head  of  one 
fork  of  Coal  branch,  at  a  watering  trough  on  W.  L.  Reed's  land,  where 
very  nearly  2  feet  of  coal  are  shown.  The  bed  is  said  to  be  4  feet  thick  in 
an  adjacent  hollow,  but  an  exposure  near  Mr.  Reed's  house  indi- 
cates a  thickness  of  not  more  than  15  inches.  The  same  bed  was  seen 
near  the  Reed  school-house  on  another  fork  of  Coal  branch,  and  at 
Mr.  J.  Bailey's  house  at  the  head  of  Haines'  cabin  branch.  It  is  unim- 
portant at  all  the  exposures  observed.  The  rocks  overlying  it  are  shown 
only  on  W.  L.  Reed's  property.  The  massive  sandstone.  No.  5,  is  persist- 
ent and  everywhere  marks  the  place  of  the  Purdvs  coal  bed.  It  is  well 
shown  at  many  places  on  both  sides  of  the  divide. 

The  interval  between  the  Purdue  and  St.  Clair  coal  beds  varies  from  73  to 
80  feet,  the  former  having  been  found  on  Haines'  Cabin  branch,  and  the  lat- 
ter on  Coal  branch.    The  exposure  is  not  complete  at  any  locality  visited. 
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and  the  character  of  tlie  rocks  filling  the  interval,  No.  6,  was  not  ascer- 
tained. 

The  St  Clair  coal  bed  was  seen  on  Coal  bmnch,  Haines'  Cabin  branch 
and  near  the  head  of  Sluss'  branch,  but  no  f\ill  oxiK>suro  of  the  bed  was 
found.  It  was  opened  at  one  time  on  the  J.  Bailey  property  near  the  head 
of  Haines'  Cabin  branch,  where  it  is  said  to  have  somewhat  more  tlian  4 
feet  of  coal ;  but  the  opening  is  wholly  filled  up  and  only  a  few  fVagments 
of  coal  remain  to  show  its  place.  Distinct  blossoms  were  seen  at  many 
places  near  the  divide,  but  none  of  them  indicates  a  thicknevss  of  more  than 
18  inches.  On  the  St.  Clair  pi*oporty  near  Coal  branch,  the  bed  was  f\illy 
exposed  in  an  excavation  for  a  springhouse  and  the  thickness  is  said  to  be 
2  feet.     But  only  10  inches  were  exposed  at  the  time  of  examination. 

The  interval  between  the  St,  Clair  and  R(>ed  coal  beds  is  fairly  well  ex- 
posed on  a  stream  leading  fh>m  the  St.  Clair  house  to  Coal  branch,  and 
contains  little  aside  ttoin  sandstone,  which  varies  from  massive  to  more 
or  less  flaggy. 

The  Reed  coal  bed  was  found  only  on  the  waters  of  Sluss*  branch  and 
on  the  Taxewell  and  McDowell  road.  Its  place  is  concealed  at  all  other 
localities  examined.  The  first  exposure  is  on  W.  L.  Reed's  property  on  a 
fork  of  Sluss'  branch,  where  15  inches  of  coal  are  shown  in  the  stream-bed, 
roofed  by  10  inches  of  shale,  underlying  sandstone.  The  ctml  is  prismatic 
in  structure,  n\ther  sofl,  and  contains  a  good  deal  of  pyrites.  An  expo- 
sure on  the  same  property,  but  on  another  fork  of  the  stream,  shows  3  feet 
6  inches  of  coal,  separated  ftom  the  underlying  sandstone  by  a  few  inches 
of  clay.  The  blossom  of  the  bed  Is  shown  on  the  Tazewell  and  McDowell 
road,  which  crosses  it  at  barely  a  mile  from  the  Nelson  coal-pit. 

No  continuous  exposure  of  the  interval  to  the  Tabor  coal  bed  was  found, 
but  the  whole  of  it  was  seen.  It  is  occupied  by  sandstone  almost  un- 
broken by  shale.  The  rock  is  comparatively  fine-grained  and  shows  no 
pebbles. 

The  Tabor  coal  bed  was  seen  only  on  Sluss'  branch,  its  horizon  being 
concealed  at  all  other  localities  examined.  The  exposures  on  Sluss'  creek 
are  Imperfect,  there  being  no  opening  in  the  bed.  It  was  opened  at  one  time 
on  Mr.  Tabor's  pmperty,  but  the  opening  has  fallen  In  and  only  I  foot  of 
coal  is  shown.  For  0  Inches  on  top  it  is  hard  and  bony,  but  below  that, 
the  coal  as  far  as  seen  Is  good.  The  same  bed  is  exposed  on  another  fork 
of  Sluss'  branch,  on  W.  L.  Reed's  property,  where  3  feet  of  good  coal 
were  seen. 

The  Coal  Branch  coal  bed  is  best  shown  on  Coal  branch  at  a  few  yards 
below  the  St.  Clair  crossing,  but  it  is  evidently  the  bed  which  was  once 
opened  on  Elkanah  Reed's  property  at  the  head  of  one  fork  of  that  branch ; 
it  was  opened  at  one  time  In  the  blutl'  overlooking  Laun»l  creek  above 
Mr.  Nelson's  house,  and  its  blossom  is  f\\irly  shown  in  the  Tazewell  and 
McDowell  road,  at  a  little  wav  ftom  Laurel  creek.  Six  feet  of  coal  are 
exposed  by  a  little  run  emptying  into  Coal  branch  near  the  St.  Clair 
crossing,  where  4  feet  of  shale  separate  the  coal  fh)m  the  overlying  sand- 
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stone.  For  5  feet  the  coal  is  soft  and  clean,  but  below  that  is  one  foot  of 
hard  coal  which  seems  to  be  quite  bony,  A  blossom  in  the  bank  of  the 
stream,  and  15  feet  above  the  water's  edge,  was  stripped  off  and  showed 
about  9  feet  of  coal,  but  the  character  and  structure  of  the  bed  could  not 
be  ascertained.  Samples  for  analysis  were  taken  from  the  exposure  in  the 
run,  an  effort  being  made  to  obtain  a  section  of  the  5  feet  there  shown. 
As  analyzed  by  Mr.  A.  S.  McCreath,  the  coal  has  : 

Water 1.225 

Volatile  combustible  matter 21.435 

Fixed  carbon 74.603 

Sulphur 0. 435 

Ash 2.302 

It  is  a  coking  coal,  altogether  too  soft  for  shipping.  The  coke  should  be 
of  exceptional  purity,  but  the  amount  of  volatile  matter  is  so  small  as  to 
make  the  strength  somewhat  doubtful.  No  full  exposure  of  this  bed  was 
seen  on  Laurel  creek,  but  at  the  old  opening  near  Nelson's,  on  that  creek, 
the  thickness  is  said  to  be  about  6  feet.  The  bed  is  nearly  90  feet  above 
Laurel  creek  at  the  mouth  of  Coal  branch. 

The  interval  between  the  CoaX  branch  and  Nelson  coal  beds  is  occupied 
by  a  more  or  less  flaggy  sandstone  which  forms  bold  clifi&  along  Laurel 
creek  and  Coal  blanch.  It  was  not  followed  above  the  mouth  of  that 
branch.  The  upper  bed  rests  almost  directly  on  this  sandstone  and  only  a 
few  feet  of  shale  separate  the  cliff  from  the  lower  bed. 

The  Nelson  cocU  bed  is  reached  on  the  Tazewell  and  McDowell  road  as 
one  approaches  Laurel  creek.  There,  at  say  one  mile  above  the  mouth  of 
Laurel  creek,  Mr.  Kelson  has  made  an  opening  which  has  been  pushed 
to  about  25  feet.  The  working  does  not  take  in  the  whole  bed,  and  the  ex- 
posure at  the  mouth  of  the  pit  is  such  as  to  render  measurement  difficult. 
As  nearly  as  could  be  made  out,  the  structure  of  the  bed  is  as  follows  : 

1.  Coal 5'  4" 

2.  Bone 0'  2" 

3.  Coal 0'  6" 

4.  Bone 0'  2" 

5.  Coal 2' 10" 

6.  Clay 0'  6" 

7.  Coal 1'  0" 

10'    6" 

Nos.  6  and  7  were  not  seen  in  detail,  and  the  thicknesses  are  given  ac- 
cording to  Mr.  Nelson's  statement,  these  parts  of  the  bed  having  been  well 
exposed  at  an  opening  which  he  had  abandoned. 

The  total  thickness  of  the  mined  portion  is  about  7  feet,  but  there  would 
be  no  difficulty  in  taking  out  fully  8  feet,  as  only  a  thin  slab  of  coal  need 
be  left  to  strengthen  the  roof.  Of  the  part  above  No.  6,  the  whole,  except- 
ing the  two  layers  of  bone,  is  good,  the  coal  between  these  being  nearly 
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eqiml  to  that  of  Noa.  1  and  5,  The  main  body,  No*  1,  is  brilliant^  but 
shows  many  binders  of  mineral  charrtml  and  an  occasional  pocket  of  the 
same  material.  No.  5  is  not  so  brilliant  as  No.  1.  The  coal  thixnighout 
the  bed  Is  prismatic  and  very  soft,  altogether  too  tender  for  chipping,  but 
it  cokes  very  readily.  Samples  fh>m  Nos.  1  and  5  were  sent  to  Mr.  A.  8. 
McCreatJi  for  analysis.    He  reports  the  comixtsition  as  folloxv'a : 

Water 0.890 

Volatile  combustible  matter 20,580 

Fixed  carlwn 76.18d 

8ulphur 0,888 

Ash 9.0a0 

The  only  defect  of  the  cotvl  in  No,  8,  is  that  it  ci^ntalns  some  sulphur. 
This  ct>^il  should  yield  a  n^uarkably  pure  ci>ke,  Uiough  ono  not  able  to 
bear  the  burden  of  a  high  stack. 

No  other  o(Hming  w^vs  seen  along  Laurtd  cn^ek»  but  the  bed  can  be  fol- 
lowed without  ditllcultv  bv  means  of  the  overlvlng  sandstone  down 
I«aurel  creek,  and  thence  along  Bluestoue,  but  no  estimate  respecting  It 
can  be  made  l!h>m  the  imperfect  ex|M>surt»s.  An  opening  was  worked  at 
one  time  on  Laurel  creek  above  Nelson^s,  but  It  has  been  abt^ndoned. 
There  the  total  thickness  Is  stUd  to  be  about  11  feet,  Bv  means  of  the  over- 
lying  sandstone,  tl\e  bed  wtvs  followed  up  the  creek  to  the  mouth  of  Coal 
branch*  alH>ve  which  it  soon  goes  under  the  stnnim.  which  in  \>assing  over 
it  forms  n^^idwS  whereby  the  thickness  Is  made  to  appear  very  great.  The 
ctvU  is  shown  for  a  short  distance  up  Ctml  branch. 

Only  the  blossom  of  (\nfl  ftf<l.  No.  19,  \viis  seen.  It  has  been  ploughed 
up  on  Mr.  Nelson*s  farm,  and  found  to  be  1  t\H>t  C  inches  thick.  Its 
blossom  is  shown  In  a  run  entering  at  a  little  way  above  Nelson's  house. 
It  was  not  seen  elsewhere.  No,  91  is  in  the  spring  near  the  house,  its  only 
exposure  as  far  »\s  seen.  Na  951  wtis  not  observed.  It  Is  said  to  be  present 
in  the  bed  of  Laurtd  ctvek  at  about  800  varils  below  Nelson's  house. 

The  dip  Is  nearly  3  degnn^s  at  Nelson's  pit,  but  soon  becomes  very 
gentle  as  one  n»cedes  firom  the  influence  of  the  Abb's  Valley  fiiult.  Along 
Lauri*l  creek  the  dip  is  Insignificant. 

On  Simmons'  creek,  Mr.  Oeorge  Belcher  has  opened  a  coal  bed  at  two 
places.    The  following  measurement  was  made  on  his  property  : 

1.  St  riair  cml  bed • . . . .  Bltvssom. 

a.  Sandstone 90' 

8,  Concealed 50' 

4,  Stmdstone 85' 

5.  Tahi>r  ctHil  hi(>d 4' 

No.  1  Is  exposed  imperfectly  in  the  road  near  Mr,  Belcher's  house,  but 
it  has  been  ploughed  up  In  an  atljolnlng  field,  where  its  thickness  is  s*\ld  to 
be  somewhat  mort*  than  1  foot.  The  Purtittf  cottt  brd  has  lH>en  ploughed 
up  near  Mr.  Belcher's  btirn,  but  Its  thickno,^s  was  not  ascertained*  No  ex- 
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Insure  occurs  in  the  interval  No.  3,  in  which  the  Seed  coal  bed  belongs. 
At  the  upper  opening  in  No.  5,  the  bed  is  now  exposed  to  a  thickness  of 
2  feet  6  inches,  but  it  is  said  to  be  3  feet  6  inches.  The  coal  is  harder  than 
that  of  any  bed  fully  seen  on  Laurel  creek,  but  it  is  broken  by  many  thin 
partings  or  binders,  mostly  of  mineral  charcoal.  Sulphur  is  present  in  the 
top  10  inches,  but  below  that  the  quantity  is  insignificant,  and  the  coal  is 
an  excellent  fuel.  The  bed  is  four  feet  thick  at  the  other  opening,  and  the 
bottom  seems  not  to  have  been  reached.  A  large  bed,  probably  the 
Nelson,  is  said  to  be  exposed  at  some  distance  further  down  the  creek,  but 
it  was  not  examined. 

A  section  was  worked  out  hastily  on  Camp  creek,  beginning  at  the  crest 
of  Flat-top  mountain.    It  is  as  follows  : 

1.  Concealed 60' 

2.  Ferruginous  sandstone 0'  10" 

3.  Concealed 37' 

4.  Yellow  sandy  shale 6' 

5.  Coal  bed Blossom. 

6.  Clay 1' 

7.  Yellow  sandy  shale 31' 

8.  Par  due  coal  bed? V    6" 

9.  Clay  and  variegated  shale 15' 

10.  Sandstone 30' 

11.  Concealed 65' 

12.  8t.  Glavr  coal  bed  seen 1'    6" 

13.  Sandstone 90' 

14.  Shale  with  Tabor  coal  bed 1' 

15.  Sandstone  or  sandy  shale 20' 

16.  Concealed,  said  to  contain  a  coal  bed 30' 

17.  Sandstone  and  some  shale 40' 

18.  Nelson  coal  bed,  seen 3' 

19.  Concealed 10' 

20.  Sandstone 25' 

21.  Shale  and  shaly  sandstone 30' 

22.  Carbonaceous  shale 0'    3" 

23.  Shale 16' 

24.  Coal  bed Blossom. 

25.  Imperfect  exposure 55' 

26.  Sandstone 30' 

27.  Shales  and  sandstone,  imperfectly  exposed 100' 

28.  Sandstone 50' 

29.  Sandstones  and  shales 400' 

Ending  where  the  trail  leading  to  Wolf  creek  crosses  Camp  creek,  at  a 
mile  and  a  half  above  its  mouth.  This  gives  very  nearly  600  feet  of  coal- 
bearing  strata  on  Camp  creek,  the  rocks  below  No.  26  being  regarded  as 
belonging  to  the  Lower  Carboniferous.     No  calculation  for  the  dip  was 
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made  and  a  closer  examination  would  doubtless  lead  to  a  moderate  change 
in  the  thickness  of  so  voral  of  the  intervals. 

Tlie  only  cvwl  beds  wlilch  have  boon  opened  are  Nos.  8,  13  and  18,  but 
none  of  these  wivs  in  shape  for  measurement  at  the  time  of  examination. 
No.  Id  is  ex)H>sed  in  the  bed  of  the  run,  and  its  thickness  is  said  to  bo 
nearly  3  feet.  Tlie  coal  is  clean,  fh^e  fh)ni  pyrites  and  slates,  is  soft  and 
Bhould  yield  a  gi>od  coke.  No.  18  was  mined  for  loctil  use  at  the  junction 
of  the  forks  of  Camp  creek.  Its  thickness  is  said  to  be  4  feet  2  inches. 
The  ctml  is  soft,  clean  and  is  admirably  fltted  for  blacksmiths*  use.  No. 
34  was  once  exposed  near  tlve  creek  at  half  a  mile  below  Ueed's  mill.  Tho 
thickness  is  said  to  bo  8  feet. 

Tlie  following  section  of  the  Lower  Carboniferous  rocks  was  obtained 
in  i>assing  fh)ni  Little  Bluestono  to  Mountain  creek  : 

1.  Conglomerate. . ••...•• 20' 

2.  Imperfectly  exposed 110' 

8.  Yellow  shaly  sandstono 45' 

4.  Concealed ^ 25' 

5.  Gmy  to  yellow  shaly  sandstone 80' 

6.  Imperfectly  exposed ••  85' 

7.  Conglomerate • 10' 

8.  Concealed 225' 

9.  Limestone • 8' 

10.  Imperfectly  exposed 870' 

978' 

Exposures  of  dark  red  shales  occur  frequently  in  the  Intervals  2,  6  and 
10,  and  No.  10  is  made  up  almost  wholly  of  such  shales.  This  section 
brings  one  to  tho  sandstono  which  forms  Uie  river  bluffs  in  tho  vicinity  of 
Uinton. 


Nott^  on  th6  Ci>al-jfi^kl  near  Canon  C(fff,  Colorado.    By  John  X  8(e(^eMont 
Pr{{f.  <^  ihology  in  the  Universfti/  of  yew  York. 

(Read  before  the  Aineriean  Phihnoplu'eal  Soeietj/,  Oefoher  7,  ISSt.) 

A  small  area  of  Laramie  rt>cks  lying  along  tho  easterly  foot  of  the 
Greenhorn  mount4[iins  has  escaped  en>sion.  Its  shape  is  irregular  and  its 
breadth  varies  from  two  to  tlve  miles.  l)eing  greatest  at  little  more  than 
midway  nortli  and  south.    The  tottil  an»a  is  not  f^ir  ttom  70  squart^  miles. 

This  little  Hold,  which  lias  attained  much  economical  imporUuice,  owing 
to  the  excellence  of  the  coal  from  one  of  the  beds,  is  deeply  trenched  by 
several  streams  wliich  How  across  it  in  canons  with  walls  front  200  to  500 
feet  high.  Tho  more  important  of  these,  beginning  at  tho  north,  are 
Alkali  gap,  Cliandler  creek.  Oak  creek,  Ccml  cnn^k  and  Newland  creek. 
Examinations  moiv  or  less  detailed  were  made  in  all  except  that  of  New 
land  creek. 
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The  strike  is  almost  north  and  south.  The  dip  on  the  eastern  side  is 
gentle,  varying  from  3  to  6  degrees,  and  that  side  of  the  trough  is  the 
longer  one.  The  axis  of  the  synclinal  is  distinct,  passing  at  about  two 
miles  from  the  eastern  outcrop.  The  dip  quickly  becomes  abrupt  on  the 
vrestern  side,  being  first  7,  then  10,  then  15  and  at  last  40  degrees  where 
the  outcrop  is  first  reached  on  Oak  creek,  but  the  outcrop  lies  further  west 
both  north  and  south  from  Oak  creek  and  the  dip  becomes  sharper  and 
sharper  until  at  last  the  beds  are  perpendicular  or  even  pushed  over. 

The  following  generalized  section  of  the  field  was  made  out ;  but  as  no 
opportunity  was  afforded  to  revise  the  work,  it  may  be  defective  in  some 
of  its  details : 

1.  Sandstones,  with  some  thin  shale,    not  ex- 

amined in  detail 400' 

2.  Sandstone,  buflf,  with  occasional  jxjckets  of 

shale 45' 

3.  Goal  bed  M Blossom. 

4.  Shale   and  sandstone 165' 

5.  Variegated  shale 170' 

6.  00011)66.1, 4'    2" 

7.  Shale 14' 

8.  CoalhedY. 0'    6" 

9.  Sandstone 25' 

10.  Variegated  shale 30' 

11.  CoalbedJ 1' 

12.  Shale 24' 

13.  Coalbedl 3' 

14.  Sandstone 120' 

15.  Shale  and  sandstone 25' 

16.  Coalbedn 5'    3"  to  9" 

17.  Sandstone  and  shale 46' 

18.  Goal  bed  G 1'  10"  to  2' 

19.  Sandstone  and  shale. 30' 

20.  GoalbedF 4'    6"  to  0" 

21.  Shale 11' 

22.  GoalbedB V    8"  to  6" 

23.  Variegated  shale 30' 

24.  Goal  bedJ) 1'  10"  to  1'  3" 

25.  Shale  and  sandstone 25' 

26.  GoalbedC 4'    6"  to     6" 

27.  Sandstone  and  shale 50' 

28.  GoalbedB - 4'        to      6" 

29.  Shale 30'         to    20' 

30.  GoalbedJL 6'         to    10" 

31.  Shale 10' 

32.  Sandstone 70'         to  100' 

The  same  difficulty  was  experienced  here  as  in  the  Trinidad  coal  field. 
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flirther  soiUh.  Limestonea  are  absent  and  tho  sandstones  show  abrupt 
changes  in  composition.  Direct  tracing  around  the  points  of  bluffs  is  not 
always  pmcticable,  and  identifications  of  coal  beds  in  different  caftons  are 
based  largely  on  the  intervals  found  in  the  typical  section  obtained  on  Oak 
creelc.  As  those  intervals  are  by  no  moans  constant,  some  of  the  identifi- 
cations may  prove  to  be  erroneous. 

The  eastern  outcrop  of  the  field  is  well  marked  by  bluffs  and  it  cannot 
be  mistaken,  except  in  the  extreme  northern  part,  where  en>sion  has 
carried  away  the  lower  beds  and  the  blufls  contain  only  the  higher 
members  of  the  series.  The  sharp  hogbacks  in  wliich  the  beds  are  turned 
up  at  angles  varying  fVt»m  40  to  90  degrees,  mark  the  western  limit  suf- 
ficiently well,  except  in  the  southern  p*irt  of  the  field  where  erosion  has 
beveled  off  the  surface  of  the  mesa.  But  even  there,  exposures  are  found 
on  the  larger  streams  which  enable  one  to  follow  out  ^e  limit  with  but 
little  difficulty. 

Cotil  mines  have  been  opened  at  several  localities  along  the  eastern  side  of 
the  trougli  and  branch  roads  have  been  constructed  by  the  Atchison,  Toi>eka 
and  S(\nta  F6  and  the  Denver  and  Rio  Grande  railroad  compiiuies,  lead- 
ing to  mines  owned  or  controlled  by  those  companies.  Insignificant  open- 
ings only  were  seen  along  the  western  outcrop,  but  some  pits  on  the 
northern  side  of  the  field  have  boon  worked  somewhat  extensively  to  sup- 
ply Cafion  City. 

ExiK>sures  ai*e  infrequent  on  the  northern  edge  of  the  field,  where  a 
deep  covering  of  gravel  conceals  all  the  rm^ks  even  to  the  tops  of  the  hills ; 
while  bt^yond  the  shar(>  ridge  bounding  the  field,  a  basin  has  been  eroded 
and  rocks  are  rarely  seen  in  place.  The  few  openings  seen  atforded  no 
data  for  determining  the  pi>sition  of  the  beds  in  which  they  have  been 
made.  A  similar  difiiculty  was  encf>antered  on  the  north-et»stern  side  of 
the  basin  where  the  lower  beds  of  the  series  are  buried  under  the  alluvial 
coating  of  tlie  plain,  and  only  the  higher  beds  are  shown  in  the  bluffs. 
Some  coal  blossoms  and  an  extensive  opening  were  seen  here,  but  their  po- 
sition was  not  determined,  fVirtlier  tlian  they  belong  to  the  upper  part  of 
the  section. 

AlkMi  Oap.  The  stage-road  leading  from  Caiion  City  to  Silver  Cliff 
passes  through  this  g»ip  at  almut  4  miles  fh)m  Canon  City.  The  ex^nvsun^s 
are  excellent  for  a  distance  of  nearly  400  j^ards,  but  as  soon  as  one  enters 
the  basin  into  which  the  gap  opens,  all  ex|H>8ures  cease.  Tlie  ftiUowing 
section  was  obtained  in  this  gi\p,  the  thicknesses  of  the  several  beds  being 
determined  by  pacing  and  calculation  fVom  the  dip  : 

1.  Conglomerate SaO' 

3.  Sandstone ; 1«8' 

8.  Concealed 40' 

4.  Sandstone • . . .  •  128' 

5.  Shale IV 

6.  Sandstone 69' 

7.  Concealed 42 ' 
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8.  Sandstone 6' 

9.  Concealed 122' 

10.  Sandstone 10' 

11.  Concealed 12' 

12.  Sandstone 8' 

13.  Coal  bed 5' 

14.  Sandstone » 6' 

15.  Concealed 20' 

17.  Shale 5' 

18.  Coal  bed 2' 

19.  Imperfectly  exposed,  much  whitish  sandstone ...  75' 

20.  Sandstone 10' 

21.  Concealed 160' 

22.  Coal  b£d 3'  2" 

23.  Clay 1' 

24.  Sandstone 30' 

With  this  all  exposures  cease  along  the  line  examined,  but  Mr.  Alex. 
Bowie,  local  superintendent  of  the  coal  mines  at  Rockvale  on  Oak  creek, 
states  that  another  bed  of  coal  has  been  seen  by  him  below  the  sandstone. 
Unfortunately  no  determination  of  the  distance  was  made  by  him. 

The  conglomerate  at  the  top  of  the  section  is  very  coarse  and  altogether 
unlike  any  rock  seen  elsewhere  in  the  field.  If  Mr.  Bowie's  observations 
be  accurate,  this  rock  is  higher  in  the  series  than  any  exposed  in  the  typi- 
cal section  obtained  on  Oak  creek  and  it  has  been  eroded  from  the  mesas 
in  the  southern  part  of  the  field,  from  Chandler  creek  southward.  The 
sandstones  down  to  No.  12  are  soft,  with  a  yellowish  tint  and  readily  dis- 
integrate when  exposed  to  the  weather.  Thin  beds  of  shale  occur  here 
and  there  in  the  upper  part,  but  are  not  persistent  and  they  have  been  ig- 
nored in  making  up  the  section. 

The  Coal  bed,  No.  13,  is  exposed  at  the  roadside  as  one  enters  the  gap 
from  the  west.  Its  dip  is  85  degrees  at  the  top  of  the  shaft  and  75  degrees 
at  the  bottom.  No  detailed  measurement  was  made  as  the  shaft  has  been 
abandoned  and  the  edge  is  unsafe.  The  bed  shows  five  benches  of  coal^ 
with  a  layer  of  dark  shale  fully  5  inches  thick.  A  parting  of  sandy  clay, 
nearly  2  inches  thick,  appears  to  be  persistent.  Coal  bed,  No.  18,  has  been 
opened  by  a  shaft  probably  20  feet  deep.  The  dip  is  irregular  but  is  some- 
what more  than  75  degrees.  The  coal  so  far  as  exposed  is  friable  and 
worthless.  No  bed  was  seen  between  this  and  No.  24,  but  Mr.  Bowie 
states  that  another  bed  exists  in  this  interval  and  that  it  is  shown  at  a  little 
way  from  the  line  followed.  It  is  1  foot  7  inches  thick  and  contains  very 
fair  coal.  No.  22  dips  at  85  degrees,  .almost  due  east ;  it  is  in  four  benches, 
separated  by  thin  partings  of  sandy  shale.  It  has  been  opened  by  two 
shafts,  each  about  20  feet  deep ;  but  the  coal  as  far  as  seen  is  badly  broken 
by  exposure  to  the  weather. 

In  the  absence  of  detailed  measurements  below  the  bed.  No.  22,  one  may 
not  undertake  to  identify  these  beds  with  any  in  the  Oak  creek  section : 
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but  it  may  be  that  they  represent  Coal  bfds  C,  I  and  L.    The  associations 
of  the  lowest  bed  suggest  reference  of  it  to  bed  C. 

Chandler  ereek.  The  cafion  of  this  stream  crosses  tlie  field  and  affords 
very  fair  exposures  of  the  upper  part  of  tlie  section  ;  but  erosion  has  been 
active  at  both  ends  of  the  canon,  so  that  the  lower  beds  have  been  remov- 
ed and  for  the  most  part  they  are  now  buried  under  gravel  on  the  broad 
elevated  terrace.  A  boring  made  at  the  mouth  of  the  cafion,  at  a 
little  way  east  fV'om  the  foot  of  the  bluffis,  begins  in  sandstone,  No.  14  of 
the  general  section,  and  continues  to  the  depth  of  801  feet  9  inches.  The 
record  of  the  boring  as  fUrnished  by  Mr.  Alex.  Bowie,  is  as  follows  : 


1.  Gravel 80 

2.  Sandstone 40 

8.  Shale 7 

4.  Sandstone.  ......••.. ...•••••    1 

5.  Shale 6 

6.  Coalbifd 4 

7.  Hard  sandstone 8 

8.  Soapstone • 53 

9.  Sandstone 6 

10.  Soapstone 58 

11.  Sandstone • 5 

12.  Shale 48 

18.   Coalbfd 5 

14.  Soapstone 8 

15.  Sandstone 3 

16.  Soapstone • 1 

17.  Sandstone 0 

18.  Sandstone  and  shale , 14 


6" 

6" 
4" 
10" 
1'' 
9" 


4" 
4" 
3" 
5" 
9' 

4" 

5'' 


The  upper  bed  seems  without  doubt  to  be  Coal  bed  II,  though  it  is  much 
thicker  here  than  at  any  other  loctUity  examined.  The  structure  as 
shown  in  the  boring  is  : 

Coal,  V  8" ;  clay,  11"  ;  coal,  V  11". 

The  lower  bed  is  usually  thought  to  be  the  same  with  Coal  bed  A,  the 
bed  mined  on  Coal  creek  by  the  Colorado  Coal  and  Iron  Company,  but 
Uie  interval  to  the  upper  coal  is  very  nearly  the  same  with  that  obtained 
between  Coal  bed^  II  and  C  on  Oak  creek,  barely  a  mile  away  ;  so  that 
the  lower  bed  is  more  probably  Coal  bed  C,  the  bed  worked  in  shad  No.  2 
of  the  Cafion  Coal  Company.    Its  structure  as  shown  in  the  boring  is  : 

Coal,  8'  4" ;  clay,  11"  ;  coal,  V  2". 

A  number  of  borings  have  been  made  along  Chandler  creek,  but  the 
records  are  not  accessible.  The  trough  becomes  deep  in  this  canon,  and 
at  the  bottom  of  the  synclinal,  Coal  bed  A  is  flilly  800  feet  below  the  sur- 
face. The  walls  of  the  cafion  are  low  and  the  canon  itself  is  very  broad, 
especially  near  the  line  of  the  axis.  No  tnvco  of  the  great  conglom- 
erate of  Alkali  gap  was  observed  here. 
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dip. .***.  t^> 

4v  CUy  *nd  .cm>  ol  in  sh:irt  , » J^V 

5   Sh:Oo  And  ihin  5;^ndH(ono. .«»«««», «•«..«««. %^r 

fl  r>»;\,i  K \  <^ 

7.  8h:Uo  And  thin  «^indstonos« «««««^ «««««.«««« x«^««  4T'<ft' 

x^  c,v.»;\,|  C • V...  4  iV 

».  FinoUv 0  .\ 

A  otvil  hlossom.  indioAUu)?  A  Oui^knoss  of  aIhhU  5*  Inoiioc*.  wa.*  i^ipt^n  «l  a 
fow  ^^ls  Os'isi  l"W>n\  iho  shAlV  Allow  lutf  for  iho  dijv  Uds  ^vt^l  M^xn^it^  nw^r 
tho  middlo  of  I  ho  jrnivol  ai  iho  lop  of  iho  inhArtv  And  i'*  lhorv»(il^w»  t>^)  K^ 
i}.  f\\it  )^il  K  tNMUAiu*  Yor\  tfxHHl  *>viU  hni  a*  \%  h^  no!  of  wxMrkAWt> 
thioknoj^s,  no  tostsi  hAvo  l^H»n  nmdo  lo  doiomdno  it  a  vaImo*  C\s»^  >i^  O  I* 
luinoil  in  U\o  shAiO  whoro  ii?»  strnoiurt*  is 

r,s»;.  4'  *^'* :  olA\.  ^    ;  iv,i/\  \  Vi  '  u>  *^  ^  \ 

An  oniorv^p on  ihoopp,uiio  sido  of  iht»  vaUo\  shx^w^  tho Ih^I  ^  fool  XSS  ^noho* 
Ihiok,  AA  roi>H>rtosi  hy  I  ho  hv;il  suporimondoni  of  iho  ^MW|>Any>  And  Itooit* 
I  ho  i^rtin^t  is  i^^soni  Also.  Uni  lowvr  down  I  ho  siroAm  tho  ^hhI  Iv(h^^wo<a 
rx»ry  ilun  And  Ai  sovorAl  o\|vwnroA  ii  is  insicnirtoAnl^  In  Iho  ^uft  it 
yiolds  An  o\*vllonl  tNviU  whioh  is  hA^.  wnsi  ho  Ma^suM  h«|  tvmo^  o\U  iw 
UrtfT^  hUvks.  Tho  nndorlx  injr  rtivx^lAv  Aids  mnoh  in  minings  hni  \%  is  *^\lfl 
And  is  likoly  to  W  a  souix^^  of  AnnovAn^v  in  iho  immo^liAlo  >  ioinil)'  ^MT  lh<? 
AhAlV    Tho  dip  is  a  liwlo  s\MHh  of  wosi  aI  »%  dojiovs. 
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The  sandstone,  No.  1  of  tlie  section,  caps  the  bluflf  directly  north  from 
the  sliaft  and  is  easily  followed  to  Uockvale,  where  it  is  alongside  of  the 
railroad.  The  Cation  City  Coal  Company's  shaft  No.  1  begins  in  this  rock. 
A  boring  was  made  in  creek  bottom  at  about  500  feet  fh)m  the*  shaft  and  it 
begins  in  this  ro(*.k,  though  somewhat  higher  than  the  top  of  tlie  shaft. 
The  record  of  the  boring  is 

1.  Sandstone 83' 

2.  Shale 17'' 

8.  White  sandstone 7'  3" 

4.  Ooalbedll 0'  0" 

5.  Sandstone 10'  3" 

6.  Soft  shale 4' 

7.  Sandy  shale 31'  4" 

8.  Coalb^dQ 1'  4" 

9.  Sandstone,  hard 15'  6" 

10.  Argillaceous  shale 3'   8" 

11.  Sandy  shale 18' 

13.  Coalbedlsl 0'  6" 

13.  Sandstones  and  shales  in  thin  beds 53'  8" 

14.  Blackshale 5'  4" 

15.  Sandstone 3' 

16.  CoalbedQ 0'  8" 

17.  Sandstone  and  shale 8'  7" 

18.  Blackshale 21'  8" 

19.  Sandstones  and  shales.* 20'  10" 

30.  CoalbedB 0'    6" 

31.  Blackshale 33'    1" 

33.  CoalbedA. 8'  4" 

38.  Arenaceous  shale. 9'  7" 

34.  Black  shale , 5' 

35.  Sandstone  and  sandy  shale 5'  1" 

Total 841'    6" 

Thft  company's  shaft  at  the  time  of  examination  was  down  230  f^ot .  Coal 
bed^  G  and  11  are  thicker  in  the  shaft  than  in  the  boring,  the  former  being  1 
foot  3  inches  and  the  latter  1  foot  10  inches.  The  great  sandstone,  No.  1  of  the 
section,  is  nearly  130  feet  thick.  It  varies  somewhat  in  structure,  as  is 
well  shown  in  the  railroad  cut  at  Rockvale.  In  the  boring  it  seems  to  be 
a  compact  sandstone  throughout  and  it  shows  a  similar  structure  in  the 
shaft.,  but  in  the  railroad  cut,  only  a  few  yards  from  the  shaft  it  becomes 
shaly  toward  the  middle,  there  being  not  less  than  29  feet  of  shale  exposed 
in  the  cut.  The  rock  is  mostly  massive,  soft  and  reddish -vel low  to  buff 
and  bluish  gray.  It  contains  vast  numbers  of  IfaJpnenifes  major,  of  which 
excellent  specimens  can  be  obtained  at  Ilockvale.  This  fossil  is  most 
abundant  in  the  upper  part  of  the  rock. 
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The  bluff  iramedialely  north  from  the  shaft  at  Rockvale  affords  good  ei 
poaures  of  the  overlying  beds.  The  section  obtained  on  this  blufl  is  a 
follows : 

1.  ^ndstone 30' 

This  is  huff,  soft,  weathering  with  honeycombed 
eurfsce,  but  eontiuns  s  hard  reddish  band,  only  a 
few  inches  thick, 

2.  Sandstone 45' 

Yery  like  the  last,  but  containing  some  shale, 
which  decreases  westward  until  both  sandstones 
are  practically  one. 

3.  Ooal  bed  M Blossom. 

This  may  be  only  a  carbonaceous  shale. 

4.  Shales  and  sandstone 61' 

Where  the  section  was  taken  this  seems  to  be 
almost  wliolly  variegated  shale,  but  within  60 
yards  it  bas  a  bed  of  massive  sandstone,  buff  or 
yellow,  soil  and  covered  with  a  thin  band  of 
hard  red  sandstone. 

6.  Sandstone S* 

Yellow,  where  esaroined,  more  or  less  ferrugin- 
ous, with  small  nodules  of  carbonate  of  iron  ;  at 
a  little  distance  further  up  the  creek,  it  becomes 
huff  like  the  higher  beds  and  weathers  into 
rounded  bosses.  This  is  a  marked  and  persistent 
bed,  which  remains  abuve  the  surface  to  the  bot- 
tom of  the  synclinal  at  the  forks  of  the  creek.  It 
has  on  top  a  thin  bed  of  flaggy  red  sandstone, 
which  is  very  hard. 

6.  Shale 87' 

Variegated,  with  some  thin  beds  of  sandstone,  1' 
to  2'  thick,  which  are  more  or  less  argillaceous ; 
here  and  there  is  a  band  of  carbonaceous  shale  ; 
possibly  some  coal  may  belong  in  this  interval 
but  none  was  recognized. 

7.  Sandstone 9' 

Very  like  No.  5. 

8.  Shales 186' 
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10.  Variegated  shales  . . .  •• 80' 

11.  Coal  bed  S 0' 10' 

Represented  only  by  carbonaceous  shale,  where 
the  section  was  measured  ;  but  it  has  been  open- 
ed elsewhere  on  the  bluff,  with  a  thickness  of  1'. 

12.  Shale 24' 

At  the  base  of  this  is  a  very  fViable  sandstone, 
almost  white,  which  is  persistent. 

18.  Concealed 25' 

4  This  is  calculated  ftom  the  dip  as  the  interval  be- 
tween the  base  of  No.  12  and  the  top  of  the  sand- 
stone in  which  the  shaft  begins.  Exposures  in 
the  vicinity  indicate  that  this  is  occupied  in  part 
at  least  by  shales  at  the  base  of  which  is  Coal  bed 
I.    That  bed  is  not  exposed  here. 

This  bluff  is  continuous  to  the  caflon  of  Chandler  creek,  and  the  same 
section  is  exposed  at  the  mouth  of  that  canon.  Tlie  sandstones  of  the  sec- 
tion ara  all  light  yellow  or  buff,  and  almost  without  exception  have  a  band 
of  hard  red  flaggy  sandstone  as  the  top  layer.  Search  was  made  in  all 
these  red  beds,  but  no  fossils  wore  found  aside  from  the  Ilalj/rmnitea,  and 
that  has  its  upper  limit  in  the  great  sandstone  at  the  top  of  the  shaft.  Oc- 
casional impressions  of  fossil  dicotyledonous  leaves  were  seen,  and  a  fine 
Sdbal  has  been  brought  out  of  the  shaft,  No.  1.  The  dip  here  is  somewhat 
more  than  8  degrees  and  almost  due  west. 

South  Oak  creek  enters  the  main  stream  at  Kockvale  and  flows  north- 
wardly. The  great  sandstone  with  IIalymenUen  continues  in  sight  along 
this  stream  for  nearly  two  miles.  At  the  first  fork  of  the  stream  the  top 
of  that  rock  is  reached,  and  there  Coal  bed  I  is  well  exposed,  with  the  fol- 
lowing structure : 

1.  Coal   8J" 

2.  Clay i"to   1" 

8.   Coal 9 J" 

4.  Sandy  clay. . . . ! 1"  to  IJ" 

5.  Coaly  shale 2"  to   4" 

6.  Coal 11"  to  18" 

Total 2'  11" 

The  coal  is  evidently  poor  throughout.  The  bed  is  overlaid  with  shales 
succeeded  by  the  fViable  white  sandstone  seen  near  Rockvale.  Streaks  of 
coal  are  shown  in  the  shale  at  a  little  way  fVirther  up  the  creek.  At  say  a 
mile  further  up  the  main  stream  its  cation  and  that  of  a  gulch  leading  into 
Bluff  Spring  park,  a  tributary  to  Coal  creek,  come  very  closely  together. 
There  the  shales,  No.  8  of  the  Rockvale  bluff,  are  reached,  but  no  expo- 
sure of  Coal  beds  K  and  L  was  found. 

Following  up  Oak  creek  above  Rockvale,  one  sees  the  rocks  descending, 
until  the  sandstone.  No.  5  of  the  Rockvale  section,  is  the  lowest  bed  ex- 
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posed.  Near  the  line  of  the  synclinal  axis  a  canon  opens  from  the  north, 
at  whose  head  is  a  fine  exposure  of  the  higher  beds.  But  there  was  no 
opportunity  to  examine  this  in  detail,  and  the  thickness  of  the  beds  over- 
lying the  Rockvale  section  was  estimated  at  400  feet.  They  are  chiefly 
buff  sandstones,  with  comparatively  thin  beds  of  shale,  which  vary  greatly 
in  thickness  and  may  be  regarded  only  as  partings  of  the  sandstone.  No 
traces  of  coal  have  been  observed  in  these  higher  beds.  The  synclinal 
axis  crosses  Oak  creek  very  near  the  forks  of  the  stream. 

A  boring  was  made  some  time  ago  by  the  Colorado  Coal  and  Iron  Com- 
pany on  Oak  creek,  at  a  little  way  below  the  crossing  of  the  synclinal. 
The  curb  of  the  boring  is  but  a  few  feet  under  sandstone.  No.  5  of  the 
Rockvale  section,  and  Goal  bed  A  was  reached  at  571  feet.  The  record  of 
the  boring  is  not  accessible  and  the  depth  is  given  according  to  indirect 
information. 

The  section  to  Goal  bed  H  is  shown  in  the  bluff"  at  the  head  of  Oak  creek 
canon,  and  that  coal  bed  was  opened  some  years  ago,  by  Mr.  Nelson,  just 
south  from  the  canon  ;  but  the  opening  was  abandoned,  owing  to  in- 
feriority of  the  coal.  The  condition  of  the  pit  when  visited  was  not  such 
as  to  afford  exact  measurement.  The  bed  is  said  to  be  5  feet  3  inches 
thick,  with  a  shale  parting  near  the  middle.  Drab  shales  overlie  it,  sepa- 
rating it  from  the  light  gray  sandstone,  above  which,  at  a  few  feet,  is  the 
great  yellow  sandstone.  When  freshly  mined,  the  coal  is  said  to  look 
well,  but  after  short  exposure  it  slakes.  The  dip  at  this  pit  is  eastward  at 
nearly  40  degrees. 

At  nearly  a  mile  further  south  along  the  bluff.  Goal  bed  I  was  seen  above 
the  yellow  sandstone,  showing  : 

Goal 1" 

Clay V 

Goal 1'2" 

But  the  crop  coal  is  very  poor.  Higher  up  on  the  hill -side.  Goal  bed  K  was 
seen  6  inches  thick,  while  at  a  few  feet  higher  is  GoaJ,  bed  L,  showing : 

Goal 2' 6" 

Clay 6" 

Goal 1'3'' 

The  bed  makes  a  formidable  blossom,  but  the  exposure  does  not  suffice 
to  indicate  the  quality  of  the  coal.  The  great  mass  of  shale.  No.  8  of  the 
Rockvale  section,  contains  much  friable  sandstone  here,  which  breaks 
down  even  more  readily  than  the  soft  clay  shales  seen  further  down  the 
the  creek.  The  sandstone.  No.  5  of  that  section,  is  persistent  here  and  is 
easily  recognized,  though  it  is  somewhat  harder  than  at  Rockvale. 

The  outcrop  of  Goal  bed  A  is  shown  in  a  low  ridge  west  from  the  Nel- 
son opening,  and  the  road  leading  to  Mr.  Bishop's  ranch  passes  over  it. 
The  exposure  is  imperfect  here  and  the  bed  is  much  better  shown  at  a  lit- 
tle way  further  north,  where  it  was  opened  by  Mr.  Bassick  near  the  stone 
cabin.    This  opening  was  abandoned  because  the  abrupt  dip,  more  than 
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40  degrees,  made  raising  the  coal  by  horse-power  too  difflcult  for  profit. 
The  crushed  outcrop  at  this  pit  shows  a  thiolcness  of  nearly  30  inches,  but 
the  bed  is  said  to  show  3  feet  of  good  coal  at  the  end  of  the  slope.  The 
overlying  shale  is  thin  and  is  covered  by  a  yellow  sandstone. 

A  low  mound  rises  in  the  park  between  this  ridge  and  the  bluff.  A 
coal  blossom  was  seen  here,  but  its  place  >vas  not  determined,  though  the 
bed  is  probably  C.     The  blossom  indicates  not  much  coal. 

Followed  southward  the  yellow  sandstone  associated  with  Coal  bed  A  is* 
seen  forming  a  sharp  low  ridge,  which  continues  southwanl  to  the  head  of 
Oak  creek,  where  it  is  lost  in  the  mesa.  At  the  head  of  Oak  creek  cafion 
a  park  intervenes  between  the  bluff  and  the  sandstone  ridge;  but  south- 
ward the  park  becomes  narrow  and  at  length  the  mesa  and  the  low  ridge 
are  united.  An  exposure  on  Mr.  Bishop's  much,  near  the  point  of  union, 
shows  the  following  section  : 

1.  CoalbedC^ 0'    7" 

2.  Shale  and  some  sandstone 22' 

8.  CoalbedBt 0'    2" 

4.  Shale 86' 

5.  Coal  bed  A 8'  10" 

6.  Shales,  sandy,  not  f\illy  exposed 15' 

7.  Deep  yellow  sandstone,  estimated 100' 

Tlie  identification  of  the  smaller  coals  is  only  provisional,  there  being 
no  other  detailed  measurements  on  this  side  of  the  field  for  comparison. 
The  coal  of  bed  A  appears  to  be  by  no  means  bad  and  the  crop  coal  has  a 
bright  fn\cture.  The  dip  is  vertical  here  and  the  bed  can  be  followed 
easily  fVom  this  place  to  where  it  passes  into  the  mesa. 

The  sandstone  below  the  coal  is  the  lowest  bed  of  the  Coal  grouj). 
The  upper  part  is  hard  sandstone,  honeycombed  with  films  of  quartz,  and 
holds  thin  beds  or  pockets  of  conglomenite  in  which  tlie  pebbles  vary  in 
size  from  buckwheat  to  pea.  The  color  varies  from  cream  to  deep  reddish 
yellow,  and  in  most  respects  the  rock  is  an  almost  exact  duplicate  of  the 
Dakota  sandstone,  which  is  exposed  within  a  short  distance  at  the  foot  of 
the  Greenhorn  mountains.  The  lower  jmrt  of  the  mass  becomes  more  or 
lessshaly,  and  at  length  passes  into  a  series  of  dull  reddish  shales,  somewhat 
sandy  but  mostly  argillaceous,  and  showing  little  structure.  These  in 
tlieir  turn  pass  almost  imperceptibly  into  the  Fort  l*ierre  slialos,  which  are 
well  exposed  at  the  head  of  Oak  creek,  where  they  hold  the  customary 
septaria  and  abundance  of  selenite.  The  thickness  of  the  dull  beds  below 
the  sandstone  was  not  measured  on  Oak  creek,  but  it  appears  to  be  not  far 
from  100  feet, 

The  Niobrara  and  Fort  IJonton  groups  are  fairly  well  shown  at  the  head 
of  the  creek  and  as  far  down  as  Mr.  Bishop's  ranch  ;  but  no  effort  was 
made  to  determine  their  thickness.  The  Dakota  is  exposed  on  a  tributary 
of  Oak  creek,  where  it  is  said  to  contain  a  thin  bed  of  fairly  good  coaL 
This  has  been  opened  and  the  whole  space  underlaid  by  the  Dakota  has 
been  taken  up  as  coal  land.    The  guide  was  unable  to  find  the  opening,. 
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but  there  $t«ems  to  bi'  no  doubt  that  it  exists^  and  that  the  coal  b  thoi^« 
The  upi^r  memlH^r  of  the  Dakota  j^hows  the  usual  features,  but  the  lowesi 
luemlH^r  is  a  coarse  ixniglomenue,  10  or  15  feet  thick,  ^*hich  Is  made  up  of 
(higmentji  of  the  ctwrse  jfneisst>id  granite  on  which  il  k*sIs,  These  l)ra$- 
ments  have  suAVriHl  little  Ot>m  water,  and  the  conglomerate  can  be  distin- 
guisluH)  onlY  with  diftlculty  fWnu  the  underlying  granite. 

No  exix>sun*s  ivcur  on  the  mesa  lH»lwtvn  i>ak  creek  and  Si>uth  Oak 
creek,  aside  (Vom  tfhtgiuentary  exhibitions  of  sandstones*  which  liarely 
suftliv  to  indicate  the  dip,  and  give  no  information  resjHH.ning  the  succe** 
sion  of  the  beils, 

Cthti  Crrrk. — C\»al  cK*ek  is  followeil  bv  a  branch  ot  the  Denver  and  Rit^ 
Grande  raiirt^d,  leading  to  the  mines  of  the  Oolomdo  Coal  ;uid  Inui  Com- 
|>any.  One  branch  ol  the  stnnun  Hows  northwartl  along  the  ea^s^tern  eilg^ 
of  the  field,  while  several  tribuiarii^s  How  to  it  tVom  the  west,  each  of 
which  has  erixltHl  a  caiion.  ex|x>sing  a  large  |>art  of  the  section,  Kxaiuina- 
tions  were  made  along  several  of  the  stri'ams. 

At  the  mines  of  the  C\»lorado  Ciutl  and  Irim  Comjiany,  on  C\^  cjwek. 
the  following  exixvsure  was  found  : 


^*> 


t.  Cihtfb^dC 0*    8 

3,  Shale  and  sandstone 50' 

8,   (\uilhttil\ 0*  UV* 

4,  Shale 80' 

5,  (^M/^<fA 6'   2" 

And  the  dip  is  X.  8tV^  W.  mag. 

Co  1*  Ul  O.  the  s;uue  with  that  mintM  in  shaft  No.  5  of  the  Caiion  City 
Ci>jil  Comtviny.  on  i>sik  cnvk.  is  repn»sentiHl  here  only  by  a  little  carbi,\na- 
eoous  shale.  C*,il  bal  l\  is  well  shown  on  the  fai*e  of  the  blutf,  ami  de- 
scends with  the  n^ul  tVinu  the  top  of  the  hilK  (^^^/  f*<tl  A  is  miniHl  exten- 
sively and  yifUls  a  sujx^rior  c\v»l.  which  is  ustnl  in  the  railittad  engines  ami 
is  shiptHHl  largt^ly  to  Ix*  ustnl  as  t\iol  at  Denver  and  other  cities  of  Color*diV 
The  IhhI  shows  the  following  structure  at  the  mouth  of  the  »lo|>e : 

r.hf/... 1' 

Clay 7' 

Ouh 4'    7" 

At  half  a  mile  ftirther  up  this  branch  of  Cotil  creek,  the  same  bed  i» 
mintnl  by  the  Grand  Cafion  Civil  Company,  The  IxhI  was  not  me«suit>\l 
•here,  but  the  thickness  is  rt*|x>rteil  by  the  Prt^sident  to  be  3  fVH>t  6  inches^ 
and  the  quality  is  rt»sniriliHl  as  iH)ual  to  that  of  tx>al  (Vom  the  other  mine, 
l^nly  the  lower  division  of  the  IhhI  is  present  in  the  slope.  The  upper 
division  is  men^ly  a  "rider*'  cix*il,  and  the  interval  between  it  and  tW 
main  Ixxly  varies  fhmi  xert)  to  tl  feet ;  the  latter  inter\*al  Ixnng  st*en  at 
the  Cassidy  slow,  while  the  two  divisions  are  in  cimtact  ai  many  places^ 
in  the  Colorado  Company *s  mine.  The  rider  is  distinctly  shown  in  tin? 
gulch  at  the  Cassidy  slope. 
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Following  up  the  gulch  for  half  a  mile,  the  following  section  was  ob- 
tained : 

1.  Sandstone 15' 

2.  Shale 2' 

3.  CoalbedG 0'   6" 

4.  Shale  and  thin  sandstone 15' 

5.  Sandstone , 5' 

6.  Black  shale 8' 

1.  Coalb^dT 4'    6" 

8.  Bluish  shale 11' 

9.  Coalbciill 1'    8" 

10.  Variegated  shale 28' 

11.  Coalbftdl) 1'    8" 

12.  Shale  and  thin  sandstone .*  25' 

18.   Coal  bedC Blossom. 

14.  Sandstone  and  shale,  estimated 45' 

15.  CoalbedB 1'    2" 

16.  Shale 16' 

17.  Bider  coal  bed 0'  10" 

Coal  bed  B  is  shown  on  the  low  hill  alongside  of  the  road,  at  a  few  rods 
above  the  trestle  ;  it  seems  to  be  hard  and  fairly  clean  coal.  The  upper 
part  of  the  interval,  No.  14,  is  occupied  by  a  massive,  soft,  yellowish 
white  sandstone,  which  is  about  20  feet  thick.  Coal  bed  C  is  represented 
by  carbonaceous  shale,  wiiich  was  followed  up  the  gulch  to  where  it  jmsses 
under  the  surface.  The  interval  between  it  and  Coal  bed  D  was  estimated. 
The  rest  of  the  section  was  obtained  on  a  projecting  point  op^wsite  a  gj\p 
in  the  hill,  lying  between  the  road  and  the  gulch.  Coal  bed  D  is  shown 
on  botli  sides  of  the  stream,  but  is  thicker  on  the  southerly  side,  where  it 
shows  22  inches  of  coal. 

Coal  bed  F  appears  on  the  bluff,  where  its  blossom  measures  4  feet  6 
inches,  but  a  good  exposure  occurs  at  a  few  yanla  Airther  up  the  gulch, 
which  exhibits  the  structure  of  the  bed  in  detail  as  follows  : 

Goal 0'  6" 

Parting 

Coal 1'  7" 

Clay 0'  2" 

Coal 0'  0" 

The  coal  is  sulphurous  and  dirty,  so  that  it  is  of  Ihtle  value.  The  over- 
lying shale  is  fissile  and  very  black.  Coal  bed  G  is  exposed  under  the  edge 
of  the  sandstone  which  caps  the  bluffl  This  rock  is  reddish-yellow, 
mostly  massive  and  occurs  in  cliffs.  The  thickness  appears  to  be  up- 
wartlsof  40  feet,  but  exposures  fiirther  south  show  that  Coal  bed  II  belongs 
at  but  a  little  way  above  Coal  bed  G,  and  the  thickness  of  the  lower  sand- 
stone is  not  more  than  15  feet.    The  rock  above  Coal  bed  H  is  the  one  form- 
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ing  the  top  of  the  mesa,  and  its  cliff  is  shown  at  a  little  way  back  firom  the 
top  of  the  bluff  overhanging  this  gulch. 

Crossing  the  narrow  divide  to  Bluff  Spring  park,  one  x>asses  over 
the  great  sandstone  in  descending  to  the  park.  The  spring  issues  from 
almost  directly  underneath  the  sandstone,  No.  1  of  the  last  section,  bnt 
Coal  bed  G  is  not  exposed.  The  sandstone  overlying  Coal  bed  F  caps  a 
little  mound  in  the  park,  and  that  coal  bed  has  been  exposed  there  with  a 
thickness  of  2  feet  6  inches.  The  overlying  shales  are  not  black,  the  car- 
bonaceous matter  having  disappeared.  The  road  leading  from  Bluff 
Springs  park  to  the  Shaw  gulch  passes  under  a  bluff,  immediately  beyond 
the  park,  where  Coal  beds  E  and  F  are  exposed.  The  latter  is  but  1  foot  6 
inches  thick,  but  the  former  shows : 

Coal,  8" ;  clay,  4" ;  coal,  V. 

The  coal  is  very  poor.  The  sliale  above  Coal  bed  F  is  brown  and  yellow, 
carbonaceous  matter  being  wholly  absent.  No  prospecting  has  been  done 
in  Bluff  Spring  park  l^elow  the  line  of  the  wagon  road,  and  Coal  bed  A 
has  not  been  recognized. 

The  massive  yellow  sandstone  overlying  Coal  bed  H  is  easily  followed 
across  the  low  divide  separating  Bluff  Spring  park  trom  the  Shaw  gulch. 
In  this  short  gulch,  the  Canon  Coal  Company  have  mined  Coal  bed 
F,  known  as  the  Shaw  coal.  The  coal  has  been  hauled  4  miles  in  wagons, 
to  be  shipped  at  Rockvale.  It  underlies  a  thin  gray  sandstone  and  the 
shales  intervening  are  lead-colored.  The  structure  of  the  bed  a.s  shown 
in  the  mine  is  : 

Coal 0'  V 

Parting 

Coal 1'  5" 

Parting 

Coal 1'4'' 

The  thickness  in  this  mine  varies  little  from  40  inches.  The  coal  is 
good  and  has  been  used  extensively  on  the  engines  of  the  Atchison. 
Topeka  and  Santa  Fe  railroad  ;  but  the  engineers  think  it  inferior  to  coal 
from  bed  A. 

Coal  bed  G  is  found  here  at  22  feet  above  F  and  is  insignificant.  Coal  bed 
H  is  very  thin  and  but  17  feet  above  G.  The  Great  sandstone  forms  a  bold 
cliff  here  and,  according  to  Mr.  Bowie's  measurement,  it  is  75  feet  thick, 
thus  showing  a  decided  diminution  in  thickness  southward.  CocU  bed  I 
rests  on  the  sandstone  and,  where  explored  immediately  north  from  the 
Shaw  gulch,  is  22  inches  thick. 

The  next  gulch  southward  is  that  known  as  Bailey's  gulch.  It  is  barely 
half  a  mile  from  the  Shaw  gulch  and  affords  a  good  exhibition  of  the 
measures.  The  following  section  was  measured  there  by  Mr.  Bowie,  who 
has  kindly  given  me  the  use  of  his  record  : 

1.  Black  shale 3' 

2.  Coal  bed  K? 3' 
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n.  Shalo 0'  6" 

4.  Gray  sandstone » 10'  6" 

5.  Black  shale 1' 

6.  Coal  divided  midway  by  shale,  1",  J 2'  5" 

7.  Shalo  and  gray  sandstone 18'  8" 

8.  Coalbedl 0'  8" 

9.  Shalo 1' 

10.  Gray  sandstone 18'    6" 

11.  Yellow  sandstone 60' 

13.  Shale 1' 

la.  Coal  b^d  11 0'    6" 

14.  Shale 1'   6" 

1*5.  Gray  sandstone . . . , ; ♦ , . .     15' 

10.  Coalb^dO 1'    6" 

17.  Shalo 1' 

18.  Gray  sandstone 7' 

1 9 .  Black  shal  e 14' 

20.  CoalbtdF 8'    4" 

21.  Shale 7'   9" 

29.  Sandstone 4'    6" 

23    Shale 8'    6" 

24.  Coalb^iV: 1'    6" 

25.  Shale 38'    3" 

26.  Coalb^dD 8' 

27.  Interval 61' 

28.  Coalhfd  B 4' 

29.  Argillaceous  shalo 80' 

80.  CoalbedjL O'lO" 

81.  Shalo 0'  10" 

32.  Argillaceous  sandstone 14'    6" 

83.  Yellow  sandstone •  • 150' 

The  lettering  of  the  coal  beds  is  in  accordance  with  the  generalized  sec- 
tion. Coal  bfd  V  is  not  given  in  this  section  ;  it  is  exposed  at  the  point  of 
the  bluff  between  Bailey  and  Shaw  gulches  at  88  feet  above  Coal  bed  B. 
An  imperfect  exposure  made  with  the  hammer  showed  2  feet  of  coal,  but 
neither  the  top  nor  the  bottom  of  the  bed  was  reached. 

Coal  bed  G  varies  fVom  2  inches  to  18  inches.  Coal  bed  F  is  well  shown 
in  the  bed  of  the  gulch,  where  the  structure  is  clearly  the  same  as  in  Shaw 
gulch.  Coal  bed  £  is  imperfectly  exiK)sed  in  the  stream  bed  ;  but  Coal  bed 
1)  is  well  shown  in  the  side  of  the  gulch  where  it  has  been  prospected. 
Coal  bed  B  has  been  opened  at  the  end  of  the  bluff  where  the  thickness  is 
as  given.  Coal  bed  A  is  utterly  insignificant  here,  being  but  10  inches  in 
Mr.  Bowie's  section  and  14  inches  where  seen  in  the  gxilch  by  the  writer. 

The  great  sandstone  at  the  base  of  the  section  is  reached  just  east  fVom 
the  mouth  of  the  gulch.  It  has  the  same  characteristics  everywhere  along 
the  east  face  of  the  field.    The  thickness  as  given  by  Mr.  Bowie  is  per- 
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haps  the  extreme,  for  the  mass  is  not  invariably  a  compact  sandstone,  but 
often  shows  great  beds  of  sandy  shale,  sometimes  even  clay  shale,  the 
whole  merging  into  the  clay  beds  or  beds  of  passage  to  the  Fort  Pierre 
shales. 

Newland  Greek,  This  is  the  next  stream  southward  and  makes  a  canon 
across  the  whole  of  the  field.  But  no  detailed  examinations  were  made 
there.  A  distinct  though  gradual  rise  of  the  whole  basin  southward  car- 
ries out  the  highest  members  of  the  series  before  Newland  creek  is  reached, 
so  that  almost  midway  in  the  basin,  the  great  sandstone  with  Ealymenites  is 
at  the  top  of  the  mesa.  The  measures  above  that  sandstone  are  probably 
not  more  than  150  feet  thick  and  no  exposures  were  found  to  yield  a  sec- 
tion. Mr.  Bowlegs  observations  along  the  eastern  face  of  the  field  at  and 
beyond  ISTewland  creek  show  that  the  coal  beds  become  thicker  than  they 
are  further  north,  as  indeed  is  suggested  by  the  section  in  Bailey's  gulch. 
A  thick  bed  is  worked  on  a  tributary  to  Newland  creek,  which  Mr.  Bowie 
thinks  is  equivalent  to  the  Shaw  coal.  The  section  of  the  bed  as  given  by 
him  is : 

Coal 1'  8" 

Clay 0'  7" 

Coal 2 ' 

Shale.... 1'  2" 

Coal V 

Relations  op  this  field. 

Careful  search  was  made  everywhere  for  fossil  remains,  but  nothing  was 
found  aside  from  the  fucoid,  Halymenites  major,  and  some  palm  leaves. 
Halymenites  occurs  abundantly  in  the  sandstone  overlying  Coal  bed  H, 
and  a  few  specimens  were  observed  in  the  sandstone  at  the  base  of  the 
series,  which  was  examined  at  but  two  localities.  The  palm  leaves  were 
obtained  in  the  Rockvale  shaft,  at  fully  one  hundred  feet  below  Coal  btd 
H.  The  thickness  of  measures  included  between  the  upper  and  lower 
limits  of  the  fucoid  is  more  than  four  hundred  feet. 

This  distribution  of  the  fucoid  is  of  no  little  interest.  The  writer*  has 
shown  that  along  the  South  Platte  river,  north  from  Denver,  Halymeniiu 
occurs  throughout  a  great  mass  of  sandstone,  where  it  is  associated  with 
forms  proving  the  rock  to  belong  to  the  Fox  Hills  group  of  the  Upper 
Cretaceous.     Dicotyledonous  leaves  occur  there  in  the  same  sandstone. 

In  the  Trinidad  coal-field  of  southern  Colorado  and  northern  Kew 
Mexico,  the  writerf  recognized  a  persistent  sandstone,  60  to  80  feet  thick, 
ai  marking  the  base  of  Laramie  group.  This  sandstone,  which  occasioD- 
ally  holds  a  coal  bed,  contains  Halymenites  major  in  profusion,  while  that 
fossil  occurs  neither  above  nor  below  this  horizon.  At  one  locality,  the 
the  sandstone  contains  a  Cardium-WkQ  mollusk,  but  the  specimens  obtain- 
ed are  too  indifierent  for  specific  determination. 

•Am.  Journ.  of  Science,  3rd  Series,  Vol.  xvii,  p.  870. 
t  Amer.  Journ.  of  Scle ,  3rd  Series,  Vol.  xviil,  p.  132. 
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Along  Galisteo  crcok,  in  central  New  Mcxico»  as  well  as  on  the  Rio 
Grande,  100  miles  farther  south,  the  wjitcr  has  sought  in  vain  for  speci- 
mens of  the  Hal^neniie^t  both  in  1870  and  1681.  The  f\icoid  seems  to 
be  wholly  wanting  in  the  Laramie  area  of  central  Now  Mexico. 

Comparing  the  distribution  at  the  several  localities  mentioned,  we  have 
as  tlie  vertical  extent  of  the  fVicoid  : 

In  northern  Colorado,  along  South  Platte 700'4- 

In  central  Colorado,  Cafion  City  field 400' 

In  southern  Colo,  and  northern  N.  M.,  Trinidad  field.    80' 
In  central  New  Mexico,  Galisteo  creek  and  Rio  Grande.      0' 

Ilalymeniffs  mr^jor,  along  the  eastern  foot  of  the  Rocky  mountains,  is  as 
thonmghly  diagnostic  of  the  Fox  Hills  group  a  Arthrophycu9  harhtni  is  of 
the  Medina  sandstone  in  the  Appalachian  region.  The  Ilalymenite^ 
sandstone  of  the  Trinidad  field,  the  lower  400  feet  of  the  Cafion  City 
column,  and  the  enormous  mass  of  sandstone  on  the  South  Platte,  below 
St.  Vrain's  creek,  are  equivalent  and  represent  tlie  Fox  Hills  group,  as  gen* 
erally  accepted.  Coal  occurs  in  them  all,  but  most  abundantly  in  the 
Cafion  City  area.  It  should  not  be  forgotten,  however,  that  the  South 
Platte  locality  is  at  70  miles  fi^om  the  mountains.  When  the  section  has 
been  made  firom  the  mountains  to  that  locality,  not  a  little  of  the  produc- 
tive coal  series  will  be  found  repix^sented  on  the  Platto  by  this  sandstone 
group. 

The  Fox  Hills  group,  as  generally  accepted,  thins  out  southward  and 
finally  disappears  before  reaching  central  New  Mexico. 


iStaled  Meeting,  October  SI,  1S8L 

Present,  15  nienibors. 

Prcsidout,  FiiKDKRiCK  FiiATiKV,  in  the  Cliair. 

Mr.  Aubrey  II.  Smith  presented  Lis  photograph  for  the 
album. 

Letters  ot  envoy  were  rcooivod  from  the  Second  Geological 
Survey  of  Pennsylvania,  the  Johns  Hopkins  University,  and 
the  Ooological  Survey  of  the  United  States. 

Donations  to  the  Library  were  received  from  the  Gazette 
Ilongroise;  J.  ^[.  Schary's  heirs,  Prag;  Koyal  Institute, 
Venice;  Itevuo  Politique;  Royal  Academy,  Brussels;  Nature  ; 
Essex  Institute;  S.  II.  Scudder;  Board  of  Kducation,  Provi- 
dence, U.  T. ;  Wesleyan  University ;  Silliman's  Journal ;  New 
York  Academy  of  Science ;  Franklin  Institute ;  Medical  Jour- 
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nal  and  News ;  E.  D.  Cope ;  H.  Phillips,  Jr. ;  Geological  Survey 
of  Pennsylvania ;  American  Journal  of  Mathematics;  U.  S. 
Geological  Surveys ;  Commissioners  of  Education ;  J.  Hotcli- 
kiss ;  A.  W.  Williamson,  and  the  Geological  Survey  of  Canada. 

The  deposit  of  the  late  Prof.  J.  F.  Frazer's  portrait  in  the 
Hall  of  the  Society,  by  his  son  Prof.  Persifor  Frazer,  during 
his  absence  in  Europe,  was  on  motion  ordered  to  be  placed  on 
the  minutes. 

Mr.  Patterson  accepted  by  letter  his  appointment.  (See  last 
meeting.) 

The  following  letter  was  read : 

**Tothe  Secretary  of  the  American  Philosophical  Society. 

Dear  Sir  : — In  reply  to  your  inquiry  under  date  of  the  10th  instant,  it 
may  be  briefly  stated  that  Carlile  Pollock  Patterson  was  born  at  Shields- 
boro,  Bay  St.  Louis,  Mississippi,  August  24, 1816.  He  was  appointed  mid- 
shipman in  the  United  States  Navy  in  1830,  served  in  the  Mediterranean 
Squadron,  and  in  1836  returned  home,  and  graduated  from  Georgetown  Col- 
lege, Kentucky,  in  1838.  Having  served  as  passed  midshipman  on  the  Coast 
Survey  until  1841,  he  was  again  on  naval  sea  service  until  1844,  and  sub- 
sequently as  lieutenant  United  States  Navy,  had  charge  of  a  hydrographic 
party  on  the  Coast  Survey  for  four  years.  In  1850  he  took  command  of  a 
Pacific  mail  steamship,  and  continued  in  that  and  other  private  business 
until  1861.  He  then  returned  to  the  Coast  Survey  as  Inspector  of  Hydro- 
graphy, and  so  remained  until  he  was  appointed  Superintendent  of  this 
work  in  February,  1874.  His  death  took  place  at  "Brentwood,"  hia  resi- 
dence near  Washington,  on  Monday,  August  15th,  1881. 

Yours  respectfully, 

J.  E.  HiLGARD, 

In  chxirge  of  Coast  and  Geodetic  Survey, 

The  death  of  Dr.  B.  H.  Coates,  the  oldest  surviving  member 
of  the  Society,  on  the  18th  instant,  aged  83  years  and  11 
months,  was  reported. 

On  motion.  Dr.  Euschenberger  was  appointed  to  prepare  an 
obituary  notice  of  the  deceased. 

Prof.  Haupt  exhibited  fragments  of  terra  cotta  from  the 
Northern  Pacific  Kailroad  crossing  of  the  Little  Missouri 
river,  produced  by  the  spontaneous  combustion  of  the  Lignite 
beds  between  the  clay-beds  of  the  bad  lands,  and  extensively 
employed  for  ballasting  the  railroad.    Also  specimens  of  silici- 
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fiod  wood^  one  of  which  may  possess  archtvological  value,  f^how- 
ing  as  it  does  two  distinct  cuts  with  an  axe ;  but  Prof.  Cope 
expressed  the  opinion  tliat  the  chijvs  had  boon  nuide  in  the 
already  silicilied  wood,  which  is  soft  enough  to  cut.  At  i>res- 
ent  the  locality  is  high  rolling  ground  destitute  of  spring's,  and 
showing  no  marks  of  volcanic  action.  iNfost  of  the  standing 
stumps  have  diametei*s  varying  from  one  to  two  feet,  but  one 
of  them  measures  nine  feet. 

A  beautiful  reduced  contour  map  [in  MS,]  of  the  Bald  Eagle 
mountain  and  Birmingham  hills  in  Blair  and  Huntingdon 
counties,  Pennsylvania,  was  exhibited  by  Mr.  Lesley.  It  rep- 
resents a  recent  survey  for  geological  purposes  made  by  Messrs. 
E.  B.  and  O.  B.  Harden,  Topographical  Assistants  on  the  State 
Survey.  The  peculiar  form  of  the  mountain  range  made 
visible  by  this  survey  will  probably  afVord  the  long  desired  ex- 
planation of  the  structural  character  of  the  great  faulted  anti- 
clinal of  Sinking  valley. 

**Notes  on  a  ])ossible  Adito  element  in  the  early  history  of 
Egypt,''  were  read,  in  part,  by  Tsh,  Lesley ;  the  reading  of  the 
i^emainder  was  postponed  to  another  meeting. 

Pending  nominations  Nos.  9o-l  to  945  were  read,  and  with 
the  exception  of  nomination.  No.  935  (on  motion  postponed) 
were  balloted  for. 

A  special  report  of  the  Finance  Committee  on  the  subject 
referred  to  it  at  the  last  meeting  was  road  and  adopted. 

Eespecting  certain  uninves«ted  funds,  the  Committee  on 
Finance  received  power  to  act. 

Mr.  Fraley  reported  that  he  had  received  and  paid  over  to 
the  Treasurer  the  quarterly  rent  from  the  Miehaux  Legacy, 
due  October  1st,  amounting  to  $18L18. 

The  following  new  memlK^rs  were  declared  duly  elected: 

Henry  IL  Gorringe,  Lieutenant-Commander  U.  S.  N. 
Jedediah  Ilotchkiss,  Esq.,  Stanton,  Ya. 
Charles  C.  Jones,  Jr.,  Esq.,  Augusta,  Georgia. 
John  Evans,  Es(j.,  F.K.S.     Nash  Mills,  Ilemel-IIempstead, 
England,  President  of   the  Anthropological  Society. 
Philip  Price  Sharpless,  Esq.,  West  Chester,  Pennsylvania. 
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Charles  A.  McCall,  M.D.,  3941  Chestnut  Street,  Philadelphia. 

C.  L.  Doolittle,  Professor  of  Mathematics  and  Astronomy, 
Lehigh  University,  Bethlehem,  Pennsylvania. 

Mansfield  Merriman,  Professor  of  Civil  Engineering,  Lehigh 
University,  Pennsylvania. 

Eev.  A.  Eenard,  Soc.  Jes.,  Director  of  the  Musee  Royal, 
Brussels. 

J.  B.  Stallo,  Esq.,  Cincinnati,  Ohio. 

Wm.  E.  Gladstone,  Prime  Minister  of  England. 

And  the  meeting  was  adjourned. 


The  Brain  of  tJie  Cat,  Felis  domestiea,  1.  Preliminary  Account  of  the 
Gross  Anatomy.  With  four  plates.  By  Burt  G.  Wilder,  M.D.y  Profeaor 
of  Comparative  Anatomy ,  etc.,  in  Cornell  University ,  and  of  Physiology 
in  the  Medical  School  of  Maine,  Member  of  the  Am.  Neurological  Aao- 
ciation,  etc. 

(Read  before  the  American  Philcsyphical  Society,  July  15,  1881.) 

This  paper  is  in  four  parts  : — A.  Introduction .  B.  The  macroscopic  vo- 
cabulary of  the  brain.  C.  List  of  points  to  be  elucidated.  D.  Expla- 
nation of  the  plates. 

A.  INTRODUCTION. 

The  present  paper  is  the  first  of  a  series  of  contributions  to  the  knowl- 
edge of  the  brain  of  the  domestic  cat.  A  second — A  Description  of  (^ 
Cerebral  Fissures,  together  with  their  Synonymy — ^haa  been  nearly  ready  for 
a  year,  and  a  brief  preliminary  abstract  of  it  has  been  published  (Wilder  8)* 
but  it  will  more  properly  follow  the  present  general  account  of  the  entire 
brain. 

The  title  of  the  series  is  made  comprehensive  in  order  that  the  subject 
may  be  discussed  from  any  point  of  view.     I  hope,  therefore,  that  others 

*Thl8  number  refers  to  the  list  at  the  end  of  thlR  paper.  In  that  list,  tbt* 
names  of  the  authors  are  placed  in  alpfiabetical  order.  The  titles  of  Meparaie  tPorkM 
are  designated  by  letters,  and  their  order  has  no  significance.  The  titles  of  pap^rt 
are  numbered.  In  the  case  of  papers  published  between  1800  and  1873,  the  oam- 
bers  correspond  to  those  in  the  chronological  **  Catalogue  of  Scientific  Papen. " 
published  by  the  Royal  Society  of  London.  In  other  cases  the  nambers  are 
only  provisional,  and  are  printed  in  italics. 

The  references  are  made  as  follows :  the  name  of  the  author  Is  given  first,  nn* 
less  the  author  has  been  indicated  already ;  then  follows  the  letter  or  ibe  nam- 
ber  by  which  the  title  of  the  work  or  paper  is  designated  upon  the  list;  if* 
Roman  numeral  is  given  it  denotes  the  number  of  the  volume;  and  theUst 
number  is  that  of  the  page.  The  system  of  references  to  a  List  was  followed 
by  me  in  1872,  in  the  paper  entitled  Intermembral  Homologies  (10),  and  has  bees 
since  adopted  by  others. 
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may  bo  led  ta  treat  cortain  topics  according  to  tlio  special  opportunities 
which  thoy  may  enjoy,  and  that  thus,  eventually,  there  may  be  available 
for  workers  in  Human,  Veterinary  and  Comparative  Anatomy,  a  com- 
plete account  of  the  Gross  Anatomy,  the  Histology,  the  Development,  the 
Functions,  and  the  Taxonomlc  Relations  of  the  brain  of  a  common 
mammal. 

That  the  domestic  axi  Is  not  only  common  in  most  civilized  lands,  but 
Ovherwlse  well  adapted  to  serve  as  the  basis  for  work  upon  other  forms,  In- 
cluding man,  has  been  urged  by  Straus-Durckhelm  (A.  pp.  xlv  and  54), 
H.  S.  Williams  (A,  ill),  Mivart  (B,  Ix),  and  the  writer  (f). 

Subsequent  experience  has  abundantly  confirmed  the  views  expressed  In 
the  paper  last  named,  and  has  even  removed  my  previous  somewhat 
unfavorable  impression  respecting  the  availability  of  the  cat  for  physi- 
ological experimentation.* 

That  the  Idea  of  employing  the  cat  as  an  Introduction  to  the  study  of 
other  forms  Is  neither  original  nor  of  recent  adoption,  may  be  seen  fVom 
the  work  of  Straus-Durckhelm,  and  fVom  the  following  passages  in  my 
papers : — 

"Nearly  twenty  years  agof,  the  late  Prt>fessor  Jeffries  Wyman,  in 
commontinff  upon  the  unsatisfactory  nature  of  some  notes  of  dissections, 
said  :  '  Much  or  this  Is  due  to  the  Tack  of  suitable  standanls  for  comimrl- 
son.  The  human  body  Is  not  a  sultAble  st«ndanl  for  the  lower  vertebn\tcs. 
The  best  thing  any  anatomist  can  do  is  to  prejmre  complete  accounts  of 
the  structure  of  a  few  forms,  each  typlcAl  of  some  large  group.  The 
fowl  could  represent  the  blrtls,  andtne  cat  the  mammals.  The  cat's 
anatomy  vshould  be  done  first,  because  it  would  serve  as  an  Introduction  to 
human  anatomy,  and  thus  become  an  Important  aid  to  media\l  educa- 
tion.*"   Wilder,  f,  5. 

Eight  years  ago,  in  a  paper  (11)  upon  the  outer  cerebral  fissures  of  certain 
mammals,  I  offered  the  following  suggestion  :~ 

**But  before  any  final  work  can  be  done  In  respect  to  fissures,  we  need 
a  complete  account  of  the  brain  of  some  one  mammal,  glvinff  its  appear- 
ance fVom  all  sides,  sections  and  dissections  of  all  jwrts,  ana  demonstm- 
tlons  of  the  relations  which  may  exist  between  the  fissural  pattern  and  the 
Internal  structure ;  then  a  t\ill  series  of  figurt^s  renresentlng  all  the  stages 
of  development,  both  of  the  bniln  as  a  wliole,  ana  of  its  parts.  On  some 
accounts  the  fox  would  be  the  most  useful  species,  but  as  It  is  not  to  bo 
had  in  large  numbers,  and  as  dogs  are  Ineligible  as  a  standard.  fVom  the 
breed  differences  as  well  as  ttoxw  the  usual  complexity  of  the  fissural 
mttern,  we  shall  prolwbly  find  the  cat  most  available  for  the  purpose, 
ouch  a  work  would  form  a  fitting  continuation  of  Stn\us-I)urckheim's 
magnificent  monognvph  of  tlie  Osteology  and  Myology  of  that  animal.    It 

*Tlie  flercojtt  oat,  provided  It  can  oiioo  bo  Induood  to  enter  a  bag,  Is  managed 
almost  as  etislly  as  a  rabbit.  Ktlior  and  chloroform  act  quickly  and  surely,  and 
I  have  never  eiicaunterod  any  serious  dlfiloultlos,  whether  in  the  labv>ratory  or 
leoturo-n>om,  in  performing  the  experiments  commonly  employed  for  physi- 
ological lllustratloiK  Of  course,  these  oxperimeut*8  were  all  caUiwoHona^  that  is, 
done  by  the  aid  of  anwsthetlos.  In  my  opinion,  as  elsewhere  expressed 
{10),  atntiseetion  or  palnail  vivisection  is  rarely  necessary  or  Justifiable. 

t  It  was  in  ISOO,  now  twenty-one  years  ago. 
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is  one  of  the  tasks  which  I  wish  to  accomplish,  but  I  trust  this  \^ill  not 
deter  others  from  undertaking  it.'* 

Since  the  above  was  written,  I  have  lost  no  opportunity  of  accumnlating 
materials  for  tlie  illustration  of  the  encephalic  anatomy  of  the  cat,  and  the 
museum  of  Cornell  University  now  contains  more  than  220  preparation^: 
of  the  brain  of  that  animal.  A  few  of  these  are  the  entire  organ,  or  its 
undissected  halves  ;  the  larger  number  are  dissections  for  the  sake  of  show- 
ing certain  points  in  its  structure. 

At  the  outset,  I  hoped  to  find  that,  excepting  purely  histological  matters, 
the  structure  of  the  human  brain  was  so  fully  known  as  to  require  little 
more  than  the  identification  and  description  of  the  corresponding  features 
in  the  cat.  It  was  soon  apparent,  however,  that  some  points  of  consider- 
able morphological  importance  were  as  yet  undetermined,  or  at  least  pre- 
sented very  unsatisfactorily  in  the  standard  works.  To  the  deficiencies  or 
positive  errors  of  the  published  accounts,  was  added  the  difficulty  of  ob- 
taining examples  of  the  human  brain  in  such  a  condition  as  to  serve  for 
the  determination  of  doubtful  points.  After  considerable  observation  and 
enquiry  upon  the  subject,  I  am  constrained  to  affirm  that,  by  the  ordinary 
method  of  extraction,  the  freshest  human  brain  is  so  distorted  as  to  be 
useless  excepting  for  the  roughest  kind  of  enquiry,  while  the  average  dis- 
secting-room brain  is  often  only  fit  to  be  examined  with  a  spoon. 

Theoretically,  of  course,  the  anatomy  of  the  human  brain  is  to  be  learned 
only  by  the  examination  of  that  organ.  Practically,  however,  so  great 
are  the  difficulties  of  obtaining,  preserving,  and  dissecting  it,  that,  with 
most  persons,  a  certain  expenditure  of  time  and  money  upon  cats*  brains 
will  be  more  productive  than  if  devoted  to  the  brains  of  human  beings.* 

After  spending  more  than  twenty  years  in  the  study  and  teaching  of 
anatomy  and  physiology,  aided  by  the  best  models  and  plates,  I  feel  that 
nearly  all  my  real  and  substantial  knowledge  of  the  brain  has  been  derived 
from  that  of  the  cat.  Nor  has  the  time  yet  come  when  I  can  examine  a 
cat*s  brain  for  an  hour,  without  correcting  some  misapprehension,  learning 
something  new,  or  at  least  gaining  some  fresh  conception  respecting  the 
organization  or  functions  of  the  organ,  or  its  possibilities  in  the  way  of 
variation. 

The  present  paper  concerns  only  the  gross  anatomy  of  the  brain,  and 
even  that  is  treated  in  only  a  general  way.  I  fully  recognize  the  great, 
perhaps  the  paramount,  importance  of  a  complete  account  of  the  hUtology 
of  the  organ,  if  only  as  a  basis  for  the  physiological,  pathological  and 

*I  have  expressed  elsewhere  {9)  the  belief  that,  of  all  the  more  easily  accessible 

animals,  the  oat  offers  superior  advantages  for  preliminary  anatomical  work, 

but  of  course  a  large  amount  of  information  may  be  gained  fW>m  the  dissection 

of  any  mammal,  aside  from  the  mere  skill  in  the  use  of  instruments  which 

comes  from  their  actual  employment  upon  the  organs.   Hence  the  following 

quotation  from  Solly  (A,  93)  is  given  with  entire  approval  :— 

**  I  am  sure  that  whoever  will  take  the  trouble  to  go  over  this  dissection  [of 
the  rabbit's  brain j  once  or  twice  before  attempting  tliat  of  the  human  brain, 
will  And  his  path  much  facilitated  by  the  knowledge  and  the  manual  dexterity 
he  win  have  acquired." 
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psychologicAl  observations  which  arc  constantly  making  in  all  parts  of  the 
world.  But,  with  all  dofoi'cnco  to  the  prcvSiimed  views  of  the  many  and 
indefatigable  workers  in  this  finer  field,  I  hold  that  the  mon*  urgent  need 
is  for  a  provisional,  at  least,  uh'tttificaUon  and  notnenclature  of  the  visible 
parts. 

I  am  loth  to  beliovo  that  the  authors  of  some  histological  contributions 
are  not  altogether  clear  upon  the  position  and  relations  of  the  parts  con- 
cerned ;  but  I  apprehend  that  many  readers  of  such  contributions  fail  to 
appreciate  their  excellencies  or  to  recognize  their  defects  tVom  the  lack  of 
an  adequate  familiarity  with  the  gross  anatomy  of  the  bn\in  ;  a  lack  which 
seems  almost  unavoidable  so  long  as  the  chief  dependence  is  placed  upon 
the  text -books,  or  upon  the  appearances  presented  by  human  brains  in  the 
condition  in  which  they  commonly  find  their  way  to  the  dissecting-table. 

Had  a  recent  writer  employed  the  ft*esh  or  well-preserved  bn\in  of  a  cat 
in  place  of  the  (presumably)  distorted  and  semi-decomposed  human  organ, 
he  never  could  have  published  a  paper  '*De  la  non-existence  des  trous  de 
Monro;"  nor,  indeed,  does  the  acceptance  of  a  paper  with  such  a  reac- 
tionary title  indicate  that  the  editors  of  "Progres  Medicale,  Nos.  25,  26," 
have  left  the  beaten  track  in  this  respect. 

Whoever  will  carefiilly  examine  the  ft*esh  or  well-preserved  brains  of 
cats  need  not,  unless  he  pn»fer  to  accept  authority  In  place  of  the  evidence 
of  his  eyes,  either  doubt  the  existence  of  the  ••Foramina  of  Monro,'*  or 
believe  that  these  openings  are  primarily  for  the  ••transmission  of  the 
chonnd  plexus."  Neither  need  ho  believe  that  •*the  third  ventricle  com- 
municates with  the  fifth"  in  any  animal,  or  at  any  period  of  develop- 
ment ;  that  ''the  great  transverse  fissure  "  is  a  real  cleft;  from  the  outside 
of  the  brain  into  its  ••ventricular  cavities  ;"  that  the  ••corpora  quadrigem- 
ina,  pineal  body,  corpora  geniculata  and  thalami  are  internal  p«vrts  of  the 
cerebrum  ; "  or  that,  in  the  a\t  at  least,  the  thalami  enter,  in  the  slightest 
degree,  into  the  formation  of  *•  the  floor  of  the  lateral  ventricles." 

With  the  view  of  aiding  in  the  correction  of  some  of  such  current  mis- 
apprehensions, and  paving  the  way  for  more  sound  and  enduring  work 
in  other  din»ctions,  the  present  paper  is  purely  morphological,  and  all 
teleological  considerations  have  been  excluded. 

Moreover,  as  has  been  said  already',  only  a  general  view  of  the  organ  is 
here  given.  Each  iwrt  of  the  brain  requires  more  or  less  extended  mono- 
graphic treatment.  Not  only  should  its  average  or  usual  form,  structure, 
and  connections  be  determined,  but  its  variations  should  be  noted,  and  cor- 
related with  known  ditferences  in  respect  to  the  age,  sex,  breed,  color  and 
disposition.  Anomalies  also  should  be  riH'orded.  Of  course,  such  striking 
cases  as  the  absence  of  the  callosum,  reported  by  the  writer  in  1870  (/.*?) 
would  be  at  once  remarked  ;  but  in  many  other  respects  we  are  as  yet  un- 
aware what  is  the  real  normal  condition,  and  are  hence  unable  to  deter- 
mine the  extent  of  de|>arture  therefrom.  The  small  size  of  the  cat's  bn\in 
and  the  case  with  which  large  numbers  may  be  obtained  and  preserved, 
render  it  peculiarly  adapted  for  this  line  of  enquiry. 
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It  is  generally  admitted  that  the  brain  might  be  of  use  in  the  determina- 
tion of  zoological  affinities.  That  it  is  really  so  seldom  employed  for  this 
purpose,  excepting  as  furnishing  merely  corroboratory  evidence,  is  largely 
due  to  the  vagueness  of  our  information,  which  prevents  exact  compari- 
sons. Now  the  Carnivora  in  general,  and  the  Felidse  in  particular,  form 
very  compact  and  well-defined  groups ;  hence  the  careful  comparison  of 
the  parts  of  the  cat's  brain  with  the  homologous  parts  in  other  members  of 
the  family  and  order  should  not  only  be  comparatively  easy,  but  also 
afford  some  clues  to  the  functions  of  the  parts,  as  well  as  furnish  a  basis 
for  taxonomic  considerations. 

It  would  probably  be  difficult  to  estimate  the  influence,  upon  both  physi- 
ology and  systematic  zoology,  of  the  sum  of  knowledge  which  may  be  , 
available  when  the  brain  has  received  an  amount  of  time,  labor  and                  ^* 
thought  equal  to  that  which  has  been  devoted  to  the  skull. 

Considering  the  abundance  of  the  domestic  cat  in  most  parts  of  the 
world  where  anatomy  is  cultivated,  very  little  use  seems  to  have  been 
made  of  its  brain.  In  several  papers  (Owen,  35),  Krueg  {2)y  Benedikt 
(/  and  ;?),  Pansch  (/),  the  cerebral  fissures  are  more  or  less  fully  discussed  ; 
but  I  am  not  acquainted  with  any  special  paper  on  the  entire  organ,  and 
the  only  figures  of  the  structure  known  to  me  are  the  following  :  The 
mesal  surface  is  shown  by  Leuret  et  Gratiolet  (A,  pi.  v,  fig.  3)  ;  the  pro- 
coelise  (ventriculi  laterales)  are  shown  by  Gegenbaur  (A,  508,  fig.  286)  ;  and 
the  dorsal  and  ventral  surfaces  are  partly  seen  in  connection  with  the 
nerves  in  Bourgery  and  Jacob  (A,  pi.  xvi). 

The  sheep's  brain  seems  to  have  been  selected  by  Foster  and  Langley 
(A),  and  by  Morrell  (A),  partly,  at  least,  on  account  of  the  ease  with 
which  the  head  may  be  procured,  thus  avoiding  the  killing  of  an  animal  ^ 

for  the  sake  of  the  brain.  But  cats  are  so  plenty,  and  so  readily  killed  by 
chloroform,  that  no  objection  need  exist  upon  that  score,  and  the  brain 
is  removed,  preserved  and  dissected  much  more  conveniently  than  that 
of  the  sheep.* 

The  small  size  of  some  of  the  parts  of  the  cat's  brain  is  an  objection,  no 
doubt ;  but  this  is  atoned  for  by  the  number  of  preparations  one  may 
make  and  keep,  and  by  the  ease  with  which  the  entire  organ  may  be 
held  or  placed  in  any  position  so  as  to  obtain  the  best  light  without  the 
danger— which  is  ever  present  with  larger  brains— of  tearing  by  its  own 
weight. 

B.  THE  MACROSCOPIC  VOCABULARY  OF  THE  BRAIN.  ^ 

In  a  recent  paper  (P),  I  have  presented  somewhat  in  detail  both  the 
grounds  for  attempting  a  Revision  of  Anatomical  Nomenclature,  and  the 
results  of  that  revision. 

With  a  slight  rearrangement,  and  some  unimportant  verbal  alterations, 
the  following  paragraphs  remain  as  there  published  (pp.  123,  137),  and 

*For  a  detailed  accoant  of  the  methods  of  preparing  the  cat's  brain,  see  my 
paper  in  '"  Science"  (Jl). 
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embody  a  brief  statement  of  "the  objects  of  the  present  revision,  the  con- 
siderations upon  which  it  is  based,  and  the  methods  which  have  been  pur- 
sued :" 

"To  facilitate  the  acquisition  and  communication  of  accurate  anatomi- 
cal knowledge,  by  rendering  the  vocabulary  equally  applicable  to  all  ver- 
tebrates, and  equally  intelligible  to  all  nations. 

"  That  the  convenience  and  preferences  of  all  existing  anatomists  should 
be  held  of  little  moment  as  compared  with  the  advantages  which  reform 
may  ensure  to  the  vastly  more  numerous  anatomical  workers  of  the  future. 

"That  th.e  test  of  the  accuracy  and  completeness  of  a  description  is,  not 
that  it  may  assist,  but  that  it  cannot  mislead. 

"That  brevity  is  an  especially  desirable  characteristic  of  such  names  as  are 
most  frequently  employed. 

"To  include  in  this  vocabulary,  so  far  as  practicable,  only  such  terms  as 
are  brief,  simple,  significant,  of  classical  origin  and  capable  of  inflection. 

"To  propose  as  few  changes  as  possible,  and  to  introduce  new  names 
only  for  parts  apparently  unknown  or  unnamed  before  (e.  g.,  crista  for- 
nicis),  or  in  the  place  of  semi-descriptive  appellations  undesirably  long  or 
incapable  of  inflection,  as  e.  g.j  cimbia  for  tractus  tranaversus  pedunculi, 
porta  for  foramen  Monroi. 

"  When  a  part  is  known  by  a  descriptive  phrase,  to  select  therefrom  some 
characteristic  word  as  the  technical  designation  ]  e.  g.,  iter  (a  tertio  ad  ten- 
triculum  quartum). 

"  When  two  or  more  parts  are  similar,  or  have  similar  relations,  to  dis- 
tinguish them  by  joining  to  some  common  title  already  in  use  prefixes  in- 
dicative of  their  relative  positions ;  e.  g.,  postgeniculatum,  prcegenicu- 
latum. 

"To  shorten  the  names  of  several  parts  by  omitting  the  word  corpus^ 
and  using  the  neuter  adjective  as  a  substantive. 

"To  discard  terms  which  indicate  size,  those  which  refer  to  the  natural 
attitude  of  man  or  animals,  most  vernacular  names,  and  all  names  of  the 
reproductive  organs  which  have  been  applied  needlessly  to  other  parts  of 
the  body. 

"To  keep  modern  usage,  and  the  rules  of  classical  etymology  con- 
stantly in  mind,  but  not  to  be  hindered  thereby  from  the  employment  or 
even  the  formation  of  terms  which  are  eminently  desirable  from  the  prac- 
tical standpoint." 

At  my  request,  the  publisher  of  "Science*'  kindly  sent  copies  of  the 
two  numbers  containing  the  article  to  leading  scientific,  medical  and  lite- 
rary journals,  and  to  about  22  naturalists  or  physicians  who  make  more  or 
less  use  of  anatomical  terms  in  their  writings.  There  has  been  scarcely 
time  for  any  extended  criticism  of  the  proposed  changes,  but  as  the  article 
contained  a  very  distinct  request  for  suggestions,  I  am  disposed  to  infer  that 
anatomists  are  at  least  willing  to  let  the  new  terms  have  a  fair  trial  in  the 
present  paper,  the  preparation  of  which  was  announced  at  the  head  of  the 
article. 

.  The  following  are  the  only  published  comments  upon  the  subject,  which 
have  come  to  my  notice  : — * 

In  The  Nation  for  April  12, 1881,  is  a  brief  jiotice  of  the  article,  evidently 

*  Since  this  was  written,  The  Journal  of  Nervous  and  Mental  Disease  for  July , 
1881  (652-661),  has  reprinted  from  the  paper  {9)  the  List  of  names  of  encephalic 
parts,  and  regards  the  new  nomenclature  as  supported  by  "  rather  satisfactory 
arguments."    See  also  p.  562  of  this  paper. 
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by  an  anatomical  teacher,  from  which  I  quote  the  following:  "There  is 
certainly  ample  room  for  it  [the  reform  proposed],  but  one  cannot  help 
thinking  that  in  his  desire  for  set  names.  Professor  Wilder  approaches 
pedantry."  In  view  of  what  might  have  been  expected  from  so  critical  a 
journal,  I  am  disposed  to  feel  more  encouraged  by  the  admission  than  dis- 
heartened by  the  objection. 

Dr.  Oliver  Wendell  Holmes  wrote  me  the  following  letter  upon  the  sub- 
ject, which,  with  his  permission,  was  printed  in  "Science  "  for  June  4,  and 
is  here,  in  part,  reproduced : — 

Boston,  May  30,  1881. 

Dear  Dr.  Wilder  : — I  have  read  carefully  your  paper  on  Nomencla- 
ture. I  entirely  approve  of  it  as  an  attempt — an  attempt  which  I  hope  will 
be  partially  successful,  for  no  such  sweeping  change  is,  I  think,  ever 
adopted  as  a  whole.  But  I  am  struck  with  the  reasonableness  of  the  system 
of  changes  you  propose,  and  the  fitness  of  many  of  the  special  terms  you 
have  suggested. 

The  last  thing  an  old  teacher  wants  is,  as  you  know  full  well,  a  new  set 
of  names  for  a  familiar  set  of  objects.  It  is  hard  teaching  old  professors 
new  tricks.  So  my  approbation  of  your  attempt  is  a  sic  vos  non  vobia  case 
so  far  as  I  am  concerned.     *    *    * 

What  you  have  to  do  is  to  keep  agitating  the  subject,  to  go  on  training 
your  students  to  the  new  terms — some  of  which  you  or  others  will  doubt- 
less see  reasons  for  changing — to  improve  as  far  as  possible,  fill  up  blanks, 
perhaps  get  up  a  small  Manual  in  which  the  new  terms  shall  be  practically  , 
applied,  and  have  faith  that  sooner  or  later  the  best  part  of  your  innova- 
tions will  find  their  way  into  scientific  use. 

*    *    *    The  plan  is  an  excellent  one — it  is  a  new  garment  which  will  / 

fit  Science  well,  if  that  capricious  and  fantastic  and  old-fashioned-dressing  ' 

lady  can  only  be  induced  to  try  it  on. 

Always  very  truly  yours, 

O.  W.  Holmes. 

Dr.  Holmes's  literary  authority,  as  well  as  the  fact,  perhaps  less  generally 
known,  that  for  33  years  he  has  been  the  Professor  of  Anatomy  in  the 
Medical  School  of  Harvard  University,  will  give  great  weight  to  his  ap- 
probation of  my  undertaking. 

In  Science  for  April  29,  1831,  Dr.  E.  C.  Spitzka  of  New  York,  well- 
known  as  an  indefatigable  worker  in  encephalic  anatomy  and  histology, 
published  (7)  a  letter  to  the  Editor  respecting  my  article.  Dr.  Spitzka 
ganerously  puts  aside  the  natural  feeling  of  disappointment  that  a  task  ^ 

which  he  had  contemplated  for  several  years  should  be,  however  imper- 
fectly, p3rformed  by  another,  and,  together  with  valuable  practicable 
suggestions  upon  several  important  points,  comments  as  follows  upon  the 
general  subject : — 

"It  is  with  mingled  pleasure  and  profit  that  I  have  read  the  very  sugges- 
tive paper  on  Cerebral  Nomenclature  contributed  to  your  latest  issues  by 
Prof.  Wilder.     Some  of  the  suggestions  which  he  has  made  have  been 


; 
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Ifttent  in  my  own  mind  for  years,  but  I  have  lacked  the  coumgo  to  brhig 
them  before  my  colleagues.  Now  that  ho  has  broken  ground,  those  who 
pro  for  a  rational  nomenclature  to  one  which  like  the  present  reigning  one, 
is  based  upon  erroneous  principles,  or  nUher  on  no  principles  at  all, 
will  bo  rejoiced  at  the  precedent  thus  set  for  Innovations.  As  Prof. 
Wilder  has  invited  criticism,  I  take  the  opportunity  of  offering  the  follow- 
ing remarks  upon  the  leading  points  of  his  papers,  in  so  far  as  they  refer 
to  the  brain  alone. 

"1.  The  principles  announced  are  such  as  zootomlsts  and  anatomists 
generally  will  agree  with,  to  the  fiillest  extent.  *  *  *  I  have  no  hesi- 
tation In  saying  that  the  labor  of  the  anatomical  student  will  be  diminished 
ftilly  one-half  when  this  nomenclature  shall  have  been  definitely  adopted. 

♦  ♦  ♦  In  Germany  the  older  system  has  gone  out  of  use  almost 
entirely,  and  not  the  least  charm  about  the  works  of  Ilenle,  Schwalbe, 
Forel  and  Gudden,  Is  the  fact  that  these  authors  have  more  or  less  done 
away  with  the  ambiguous  terms  once  rampant. 

"3.  In  proceeding  to  comment  on  some  of  the  terms  proposed  by  Pn)f. 
"Wilder,  I  wish  it  to  be  distinctly  understood  that  I  do  so  merely  tenta- 
tively and  to  promote  discussion  ;  In  so  doing  I  feel  certain  that  I  am 
carrying  out  that  writer's  wish.  It  is  but  just  to  state  that  the  majorily  of 
the  terms  cannot  be  discussed — they  are  perfection  and  simplicity  com- 
bined.*' 

I  think  Dr.  Spltzka  does  himself  scant  justice  In  ascribing  his  non-pre- 
aentatlon  of  the  subject  to  "a  lack  of  courage."  But  I  can  well  under- 
stand that  the  demands  of  an  active  practice  have  forced  him  to  defer  from 
time  to  time  the  somewhat  onerous  task  of  putting  his  material  Into  shape 
for  publication,* 

In  the  following  discussion  of  the  macroscopic  vocabulary  of  the  brain, 
I  have  transcribed  freely  fi*om.the  article  above  named,  Introducing  such 
modifications  as  have  since  appeared  to  me  deslmble. 

The  terms  employed  by  anatomists  form  two  divisions  :  those  which  in- 
dicate the  position  or  direction  of  organs,  and  those  by  which  the  organs 
themselves  are  designated.  Since,  also,  writers  have  usually  treated  of 
them  separately,  It  will  be  convenient  here  to  consider  anatomical  topono- 
my  and  organonomy  under  distinct  headings. 

TsR!y[s  OP  Position  and  Direction— ToroNOMY. 

Dr.  Barclay's  volume  had  especial  reference  to  this  division  of  the  sub- 
ject, and  Its  key-note  Is  struck  in  the  following  panigraph  (A,  5)  : 

"The  vague  ambiguity  of  such  terms  as  superior,  Inferior,  anterior,  pos- 
terior, &c.,  must  have  been  felt  and  acknowledged  by  every  peraon  the 
least  versant  with  anatomical  description." 

Dungllson  admits  (A,  61)  that  "Great  coafuslon  has  prevailed  with 
anatomists  In  the  use  of  the  terms  before,  behind,  &c."  Dr.  Spit/.ka  has 
forcibly  stated  (/,  75,  note  1)  the  objections  to  the  use  of  anterior,  i^c,  and 
their  unsultablllty  Is  tacitly  conceded  In  the  cmi)loyment  of  other  terms  by 

♦  ainoo  tills  paper  was  proNonted,  Dr.  Splt/.lca  hixs  pul>ll8hed  an  able  eontrlbu- 
tlon  {10)  to  our  knowledge  of  tlio  motonccphalon,  in  which  the  topoiiomlcal 
terms  herein  suf^gested  are  employed. 
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several  writers  who  do  not  explicitly  condemn  the  current  toponomy  : 
Gegenbaur  (A,  491),  Mivart  (A,  69),  Cleland  (i,  170) ,  Rolleston  (B,  33, 
note),  &c. 

Finally,  the  need  of  a  radical  change  of  base  has  been  proclaimed  in  one 
of  the  very  strongholds  of  anthropotomy  : — 

"Now  that  the  more  extended  study  of  comparative  anatomy  and  em- 
bryonic development  is  largely  applied  to  the  elucidation  of  the  human 
structure,  it  is  very  desirable  that  descriptive  terms  should  be  sought 
which  may,  without  ambiguity,  indicate  position  and  relation  in  the 
organism  at  once  in  man  and  animals.  Such  terms  as  cephalic  and  caudal, 
dorsal  and  ventral,  &c.,  are  of  this  kind,  and  ought,  whenever  this  may  be 
done  consistently  with  sufficient  clearness  of  description,  to  take  the  place 
of  those  which  are  only  applicable  to  the  peculiar  attitude  of  the  human  4 

body." — Quain,  A,  I,  6. 

This  is  certainly  explicit  as  to  the  principle  involved,  and  it  is  to  be 
hoped  that  later  editions  of  this  standard  Human  Anatomy  may  display  its 
practical  application  to  the  body  of  the  work. 

How  slender  is  the  justification  for  retaining  a  toponomical  vocabulary 
based  upon  the  relations  of  organisms  to  the  surface  of  the  earth,  appears 
more  fully  when  we  reflect  that  the  assumed  standard,  for  the  higher  ver- 
tebrates at  least,  is  man  in  his  natural  erect  attitude  ;  yet  that  both  man 
and  animals  are  more  often  examined  and  compared  with  the  back  down- 
icard,  this  being  an  attitude  truly  characteristic  of  only  that  infrequent 
"subject,"  the  sloth. 

As  a  single  illustration  of  the  logical  inconsistencies  into  which  we  are 
led  by  the  use  of  the  current  toponomy,  take  the  series  of  possible  designa- 
tions of  the  direction  of  some  vertebral  spinous  process  which  projects  to-  J 
ward  the  skin  of  the  back  at,  or  approximately  at,  a  right  angle  with  the  ^ 
myelon.  With  man  the  direction  in  which  it  points  is  posteriory  but  with 
a  cat  it  is  superior,  while  with  an  ape  or  a  bird  it  is  somewhere  between  the 
two  ;  with  all  four,  when  on  the  dissecting  table,  it  would  be  usually  in- 
ferior. Finally,  with  a  flounder  the  corresponding  direction  would  be 
horizontal  or  sidewise. 

In  short,  to  designate  the  locations  of  organs  by  the  relations  of  animals 
to  the  surface  of  the  earth,  which  relation  differs  in  nearly  allied  forms, 
and  varies  with  the  same  individual  according  to  circumstances,  is  as  far 
from  philosophical  as  it  would  be  to  define  the  place  of  a  house  or  a  tree  by 
reference  to  the  planet  Jupiter,  or  to  assume  that  mankind  naturally  face 
the  rising  sun,  and  hence  to  designate  our  right  and  left  as  the  south  and  ^ 

north  sides  of  the  body. 

The  present  tendency  of  accurate  anatomical  description  is  to  refer  the 
position  or  direction  of  all  parts  and  organs  to  an  imaginary  plane  dividing 
the  body  into  approximately  equal  right  and  left  halves  ;  hence  it  is  desira- 
ble to  designate  this  middle  plane,  or  any  line  contained  therein,  by  a 
word  which  is  at  once  significant,  short,  and  capable  of  inflection.  Dr. 
Barclay  proposed  mesion,  and  mesial  has  been  generally  used  ;  but  would 
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it  not  better  to  adopt  the  very  term  employed  by  the  Greeks  to  signify  the 
middle,  iMian,  rd  fiitrov^  equivalent  to  the  more  ponderous  Latin  fneditul- 
liumf  The  corresponding  adjective  is  ineaal,  and  the  adverb  meaad,  while 
in  combination  it  becomes  meso. 

The  following  general  terms  were  also  proposed  by  Barclay,  and  have 
been  more  or  less  systematically  employed  by  Owon,  Huxley  and  others  : 
Dorsalf  mntral,  dej^traU  sinistral,  latercU,  with  the  corresponding  adverbial 
forms  dorsfidf^  etc.  Should  tlie  alleged  correspondence  of  the  ventral 
region  of  the  Vertebrate  with  the  tergal  region  of  the  Arthropod  prove  to 
be  one  of  true  homology,  it  may  be  desirable  in  time  to  discard  dorscU 
and  ventral  for  more  suitable  terms,  but  for  the  present,  if  on  practical 
grounds  alone,  it  seems  well  to  retain  them. 

Barclay  proposed  atlantal  and  sacral  for  the  designation  of  the  position 
of  parts  lying  toward  the  head  or  the  tail,  in  reference  to  an  imaginary 
plane  dividing  the  trunk  at  the  middle  of  its  length.  But  those  terms  were 
not  applicable  to  parts  beyond  the  atlas  and  the  sacrum,  so  that  new 
words  were  apiilied  to  the  regions  of  the  head.  Perhaps  this  needless 
complication  has  hindered  the  general  adoption  of  Barclay's  nomenclature 
noth withstanding  its  many  admirable  features.  At  any  rate,  c^pMlic  and 
caudal  ai*e  much  more  acceptable  terms,  and  are  pn\ctically  unobjection- 
able, although  certain  theoretiail  difficulties  readily  suggest  tliemsclves. 

Proxitnal  and  distal,  central  and  perip?i€ral  arc  in  common  use,  and  the 
general  employment  of  their  intteclions  and  derivutives  is  only  a  question 
of  time.  Proximal  and  distal  seem  to  be  more  applicable  to  the  limbs  and 
their  segments,  while  central  and  pcripfieral  may  be  employed  for  vessels 
and  nerves. 

Ental,  and  ectal  were  proposed  (p)  as  substitutes  for  the  more  or  less 

ambiguous  words  inner  and  outer,  interior  and  exterior,  deep  and  superficial, 

profound  and  sublime.     Derived  respectively  from  ivrd^  and  kxro^  their 

significance  is  obvious,  while  their  brevity  and  capacity  for  inflection  will 

probably  commend  them  to  accumte  working  anatomists. 

The  Names  op  the  Pauts— Organonomy. 

abbreviations  of  the  more  general  names  ok  encephalic  parts. 

Ar. — Area.  F. — Fissura.  Px. — Plexus. 

C. — Cwlia.  Fm. — Foramen.  li. — Recessus. 

Clm. — Columna.  Fn. — Funiculus  (root-        lix. — liadix. 

Cn. — Canalis.  let).  SI. — Sulcus. 

Cp. — Corpus.  Fs. — Fossa.  Spt. — Septum. 

Cr. — Crus.  Inc. — Incisura.  T. — Tuber. 

Crs. — Crista.  L. — Lobus.  Tr.— Tractus. 

Cs. — Commissura.  LI. — Lobulus.  Tl, — Tela. 

Em. — Eminentia.  Pt. — Portio. 

*In  his  recent  paper  (9)  on  the  EvohitloM  ot  Mammals,  as  printed  in  **Na- 
ture,"    Jan.  6, 1881,  p.  228,  Huxley  uses  the  term  dortcuU 
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Abbreviations  of  the  Cranial  Nerves.    ('See  flg.  8.) 

For  convenient  comparison,  the  numerals  applied  by  Soemmering  are 
prefixed  to  the  proper  abbreviations, 
vi.  aftd. — Abducens. 
xi.  ac, — Accessorius  (spinalis), 
viii.  aw. — Auditorius.     (Portio  mollis.) 
vii.  /.—Facialis.     (Portio  dura.) 
ix.  gph, — Qlossopharyngeus. 
xii.  Kg. — Hypoglossus. 
iii.  ocm. — Oculomotorlus.    Motor  communis, 
i.  oZ. — Olfactorius. 
ii,  op. — Opticus. 

iv.  fr.— Trochlearis.     "Patheticus." 
V.  trg. — Trigeminus.    Trifacialis. 
•      X.  «, — Vagus.    Pneumogastricus.    Par  vagum. 

List  op  the  Parts  op  the  Cat's  Brain  which  are  Visible  to  the 

Unaided  Eye. 

To  avoid  repetition,  this  list  is  accompanied  by  the  abbreviations  which 
are  used  upon  the  plates,  and,  for  convenience  of  reference,  the  names  are 
arranged  in  the  alphabetical  order  of  the  abbreviations.  Only  the  abbrevia- 
tions of  general  names  arc  capitalized.  The  numbers  following  the 
names  indicate  the  figures  upon  which  the  parts  are  shown,  or,  in  a  few 
cases,  the  pages  on  which  they  are  mentioned. 

Most  of  the  names  are  those  in  common  use,  with  the  omission  of  super- 
fluous elements  like  corpm»  and  the  genitives  of  the  names  of  more  com- 
prehensive parts.  Most  of  the  apparently  new  names  will  be  found  to  be 
old  acquaintances  under  such  thin  disguises  as  tranalatiofit  traMpottiHoH', 
abridgffient,  and  the  suMituHon  of  prefixes  for  qualifying  words.  In  a  few 
cases  the  old  names,  are  wholly  discanled  for  briefer  new  ones.  Most  of  the 
now  names,  however,  refer  to  parts  apparently  unobserved  hitherto  (e,  g,, 
crista,  carina,  delta),  or  to  parts  which — although  probably  observed — 
seem  not  to  have  boen  regarded  as  needing  a  special  designation  (e.  g., 
aala^  quadrans,  pero). 

So  much  of  each  name  as  immediately  follows  the  abbreviation,  is  re- 
garded as  a  sufficient  designation  of  the  part  under  ordinary  circum- 
stances ;  sometimes  it  may  bo  desirable  to  add  the  words  in  parenthesis. 

a. — Aula.  The  cavity  of  the  primitive  prosencephalon,  or  Lobus  com- 
munis.    8,  18,  16.     See  p.  540. 

abn. — Albicans  (Corpus).     3,  4,  11. 

a».— Alba  (Substantia).    White  matter.    18,  14,  20. 

ajyx, — Auliplexus.     Not  distinctly  shown.    See  p.  543. 

arb.  vt. — Arbor  vitro  (cerebelli).    4. 

Ar.  er. — Area  cruralis.     8,  11. 

Ar,  *>r. — Area  intercruralis.    8,  11. 

Ar.  el — Area  cUiptica.    8. 
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At.  ov. — Area  oralis.    3. 
Ar.  ppn, — Area  postpon  tills.     3. 
Ar.  prch. — Area  praechiasmatica.     3. 
Ar.  spt. — Area  septalis.    4,  16. 

ca. — ^Carina  (fomicis).    Not  shown,  see  p.  556. 
eb.  or  Tiem. — Cerebrum ;  prosencephalon ;  hemisphserse.     1,  2,  etc 
c5i.— Cerebelluna.    1,  2,  12,  15. 
cd.  8. — Cauda  striati.     See  p.  542. 
eel.  m. — Cella  media  (procoelisB).     15. 
ch. — Chiasma  (NN.  opticomm).    3,  4,  5,  11,  16. 
cin. — Cinerea  (Substantia).    Gray  matter.    14,  20. 
c?.— Callosum  (Corpus).    4,  13,  15,  16,  17,  20. 
cle. — Calcar.    Hippocampus  minor.    Not  in  the  cat. 
civ. — Clava.     12. 

dm.  d. — Columna  dorsalis  myelonis.    Posterior  white  colunin  of  the 
spinal  cord.     1. 

Clm.  f. — Columna  fomicis.    4,  10,  13,  14,  16. 

Olm.  I. — Clm.  lateralis  myelonis.     1,  3. 

Clm.  V. — Clm,  ventralis  myelonis.     3. 

cnU). — Cimbia.    Tractus  transversus  pedunculi.     3,  8,  9,  11. 

en. — Conarium.     Corpus  pineale.     7,  10.    See  p.  562. 

On.  ce. — Canalis  centralis  (myelonis).     4. 

Or.  cb.—Cms  cerebri.    2,  4,  9,  11,  18,  19. 

Cr.  ol. — Crus  olfactorium.    4,  5. 

(7r«. /.—Crista  (fornicis).    4,  14,  16,  20.     (See  Wilder,  7.) 

Os.  f. — Commissura  fornicis.     14. 

Cs.  h. — Commissura  habenarum.    4,  6. 

d. — Dura  (mater).     Not  shown. 

dc. — Diacoelia.     Ventriculus  tertius.    4,  6,  7,  16.     See  p.  539. 

den. — Diencephalon,  interbrain.     7,  9,  10. 

dlt.—I>e\\A  (fornicis).     10,  14. 

dpx. — Diaplexus.   Plexus  choroideus  ventriculi  tertii. — 4,  16. 

dtl. — Diatela.    Roof  of  diacoelia. 

JSm.  au. — Eminentia  auditoria.    2,  3. 

end. — Endyma  ependyma.    The  lining  membrane  of  the  coelis?. 

epc. — Epicoelia.    Ventriculus  cerebelli.    4. 

epen. — Epencephalon.    Hind  brain.    4. 

/.—Fornix.    14,  15,  16,  17,  19,  20. 
F. — Fissura.     See  list  of  cerebral  fissures,  p.  534. 

F.  dl. — ^Fissura  dorsilateralis  (myelonis).    Postero-lateral  fissore  of  tbe 
spinal  cord.     1. 

F.  dms. — Fissura  dorsimesalis  (myelonis).     1. 
F.  vl. — ^F.  ventrilateralis  (myelonis).     3. 
F.  vms. — F.  ventrimesalis  (myelonis).    3. 
Fm.  ec. — Foramen  csecum.     3. 
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Fm.  en. — Foramen  conarii.     6. 

Fm.  inf. — ^Foramen  infundibuli.     6. 

frrib. — ^Fimbria.     Corpus  fimbriatum.     14,  17. 

fscl. — Fasciola.     Fascia  dentata  and  fasciola.     14,  17. 

g. — Genu  (callosi).    4,  17. 

h. — Habena.     Habenula  ;  pedunculus  pinealls.    4,  7,  16. 
hem. — Hsemisphsera.     Hemicerebrum.     1,  2,  3,  4,  etc. 
hmp. — Hypocampa.     Hippocampus  major.     14,  15,  18, 19. 
hph. — Hypophysis.     Corpus  pituitarium.    3,  4.     See  p.  562. 

Inc.  hmp. — Incisura  hypocampse.     11. 

inf. — Infundibulum.     3. 

ins. — ^Insula.    Island  of  Reil.     Not  distinct  in  the  cat.     See  p.  543. 

it. — ^Iter  (a  tertio  ad  quartum  ventriculum).     Mesocoelia,  m>sc.    4,  8. 

L,  I. — Lobus  lateralis  (cerebelli).     1,  2,  15. 

L.  ol. — Lobus  olfactorius.     1,  2,  15,  17,  18. 

L.  tmp. — Lobus  temporalis  (hemisphsersB).     2. 

LI.  ap. — Lobulus  appendicularis  (cerebelli).     2,  3. 

LI.  hmp. — Lobulus  hypocampse.     LI.  mastoideus.     2,  14,  17. 

Im.  alb. — Limes  alba  (radicis  lateralis  cruris  olfactorii).     2,  5. 

Im.  cin. — Limes  cinerea.     2,  5. 

Iq.  c. — Liquor  cceliarum.     Liquor  ventriculi. 

ly. — Lyra  (fornicis).     Psalterium.     14.     See  p.  543. 

mc8. — Medicommissura.     Commissura  mollis.     4,  16. 
mcu. — Medicornu  (procoelise).     Cornu  temporale.     Cornu  descendens. 
11,  14,  18,  19. 
Trvpd. — Medipedunculus  (cerebelli).     Crus  ad  pontem.     8. 
msc. — Mesoccelia.     Iter.     Ventriculus  loborum  opticorum  mesalis.     4,  8. 
msen. — Mesencephalon.     Midbrain.     Lobi  optici,  etc.     7,  9. 
mtc. — Metacoelia.     Ventriculus  quartus,  less  the  epicoelia.    4. 
mten. — Metencephalon.     Medulla  oblongata.     After-brain.     1,  2,  4,  12. 
mtpx. — Metaplexus.     Plexus  choroideus  meduUae.     3,  12. 
mttl. — Metatela.     Roof  of  metacoelia.     4,  12. 
my. — Myelon.     Spinal  cord.     1,  2. 

oh. — Obex.     Not  identified  in  the  cat. 
olv. — Oliva.     Corpus  olivarium.     Not  identified  in  the  cat. 
op. — Opticus  (Lobus).      Cephalic   optic  lobe ;  natis  cerebri.      4,  7,  9, 
18,  19. 

p. — ^Porta  (Monroi).     Foramen  Monroi.     14,  16,  18,  19.     See  p.  540. 

pi. — Pia  (mater).     Not  shown.     See  p.  543. 

pes. — ^Postcommissura.     Commissura  posterior.     4. 

pgn. — Postgenicu latum,  (Corpus).     Corpus  geniculatum  internum.     7, 

8,  9,  10. 

po.  ol. — ^Pero  olfactorius.     16. 

pop. — Postopticus  (Lobus).    Caudal  optic  lobe  ;  testis  cerebri.     4,  7,  8, 

9,  18,  19. 
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jTO.— Pons  (Varolii).    3,  3,  4,  9, 11. 

ppf. — Po3tperforatu8  (Ijocus).    3,  4,  11. 

jjpa. — portiplexua.     18. 

•pre. — Procffilia.  Ccelia  proaencephali ;  ventriculuB  lateralis.  15,  1 
18,  19. 

pre*. — Pnecomraisura.     Commiaaura  anterior.     4,  14,  16. 

preu. —Prscornu  (procffilita).     Coma  anteriua.     18,  IS,  16,  18,  18. 

prtn. — Proaeneephalon.     Cerebmm.     HemispliKMe. 

jwpn. — Prffigeniculatum.     Corpus  geniculatum  externum.     7,  8,  9. 

prp/. — Prseperforaius,  (Locus).     Locus  perforatus  anterior.     3,  4,  11. 

prpz. — Proplesus.     Plexus  proccelite.     15,  18. 

P».  oX. — Pes  olfactorius.     16. 

Pt.  A. — Portio  depressa  (praeperforati).    3,  11. 

Ft.  dien. — Portio  diencephalica  (cruris  cerebri).     11. 

Pt.  maen.— Portio  raesenceplialica  (cruris  cerebri).    11. 

Pt.  p.— Portio  prominens  (pneperforati).    3,  4,  11. 

py. — Pyramis  (metencepbali).     Pyramia  anterior.     8,  4. 

pae. — Pseudowelia.  Ventriculusseptilucidi;  fifth  ventricle.  Not  in  tl 
cat.    See  p.  549. 

g. — Qiiadrans  (cruris.)    11. 

r.— Rima.     Fissure  of  Bichat.     14,  17. 

B.  a. — Recessua  aulie.    14. 

B.  op. — Recessus  oplicus.    4,  11,  16. 

B.  prpn. — Recessus  pnepontilia.    4. 

Sg.  a. — Regio  autica.    The  complei  region  about  the  aula. 

rhe. — Rhinocoelia.    Ventriculus  olfactoriua.    16. 
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Tr.  op.— Tractus  opticus,    8,  11,  14»  19. 
2V.  prh, — Tractus  postrhlnalis.    8. 
te. — Trapezium,    2,  3. 

t>?. — ^Velum  (interi>ositum).    Not  shown.    See  p.  644. 
tffh. — Vermis  (corebelH),    1,  S,  15. 
iH). — ^Valvula  (cerebelli),    4, 

A  few  of  Uie  terms  included  in  the  foregoing  list  need  more  extended 
mention. 

The  encephalic  ftegmefif^.^-^lt  is  often  convenient,  and  always  more  philo- 
sophical, to  regard  tJie  brain  as  comiKvsed  of  a  series  of  itegment^  or  dm- 
»i<>«*,  each  consisting  of  a  cavity,  with  it«  sides,  flcwr,  and  nwf  various!}* 
thickened,  convoluted,  or  otherwise  modified.  So  far  as  is  known,  the 
anatomical  divisions  most  conveniently  made  correspond  essentially  with 
the  series  of  embrvonic  vesicles. 

To  these  divisions,  the  German  anatomists,  following,  I  believe,  Von 
Baer,  apply  the  names  ror(f/»rAi>»,  ttcmfienhi'mt  mittdhitn,  hinferhim,  and 
nachhirn^  which  are  commonly  rendered  in  English  by  forehrain,  *hrc(n- 
Wain^  fimfhraith,  hindbraifK  and  ({fferbrain. 

In  converting  these  vernacular  terms  into  technical,  anatomists  have 
generally  recognized  the  practical  advantage  of  regarding  the  Lohi  o(f<?r- 
torii  as  a  segment  apart  fVom  the  cerebral  hemispheres,  imder  the  name  of 
rhinenccphahm.  The  hemispheres,  including  the  »trMh\  etc.,  constitute 
the  prosencephnhn^  and  the  ZoW  optici\  with  the  corresponding  portion  of 
the  Cnira  ccnbn^  form  the  fnc^encephahn.  So  far,  all  agree.  But  the 
region  including  the  thalami,  between  the  prosen.  and  the  mesen.  has  been 
variously  called  deutenctphahnt  thahmencephalon,  and  dunccphalon.  Un- 
able to  ascertain  which  has  priority,  I  select  the  last  as  the  shortest  and 
most  applicable. 

Uix)n  the  names  of  the  remaining  parts  of  the  brain  there  is  more 
serious  divergence  of  usage  among  w-riters.  Owen  (A,  I,  308)  calls  it 
all  e^icnccphahm  ;  but  Huxley  applies  (A,  (10)  that  name  to  the  pons 
and  cerebellum  as  a  division  sei>an\te  fh>m  the  medulla,  which  he  calls 
m^elcncephahn,  notwithstanding  this  term  had  been  previously  pmposedby 
Owen  (A.  I,  2(18)  for  the  entire  **cerebrt> -spinal  axis.*'  In  this,  Huxley  is 
followed  by  the  English  editor  of  **Gegenbaur**  (A,  xiii)  notwithstand- 
ing his  admission  that  a  different  nomenclature  bad  been  previously  pub- 
lished in  Quain  (A,  II.  755).  The  editors  of  «*Quain  '*  reci>gnize  the  two 
divisions,  and  apply  epcnccphahn  to  the  pons  and  cerebellum,  giving  to 
the  medulla  proj>er  the  name  nkctcnctphnhn.  On  all  accounts,  this  seems 
to  me  the  best  arrangement  of  terms  for  the  encephalic  segments,  and  is 
followed  in  the  present  iHvper. 

77*<<  ra'/wf,  or  encephalic  **centrich9.'" — The  incongruity  of  the  anthroiw- 
tomical  designations  of  the  encephalic  cavities  h»\s  been  pointed  out  by 
Owen  (A.  I,  294.  note),  and  the  writer  (,'>,  125). 

The  canalis  centraU;i  expands  into  a  cavity  which,  although  the  first  of 
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the  series,  is  called  the  fourth  ventricle.  The  more  or  less  distinct  cavities 
corresponding  to  the  cerebellum  and  the  Lobi  optici  are  not  called  ventricles 
at  all,  and  the  third  is  between  the  thalami.  The  two  "lateral "  ventricles 
are  rarely  mentioned  as  the  first  and  second,  but  since  the  numbers  must 
be  understood  in  order  to  account  for  the  third  and  fourth,  the  student 
desires,  in  vain,  to  know  which  is  the  first  and  which  the  second.  In  point 
of  fact,  if  the  enumeration  is  begun  at  the  cephalic  end  of  the  series,  the 
lateral  ventricles  are  the  tliird  and  fourth,  since  there  are  well -developed 
ventricles  in  the  Lobi  olfactoriL  Finally,  a  **  fifth  ventricle  "  is  mentioned, 
which  is  not  only  at  the  greatest  distance  from  the  fourth,  but  has  no 
normal  connection  with  the  other  ventricles,  and  is,  in  fact,  no  part  of  the 
series. 

In  view  of  all  this,  the  task  of  describing  to  students  the  highways  and  ^ 

by-ways  of  the  brain — which  should  be  most  attractive  because  therein  is 
most  clearly  manifested  the  ideal  arrangement  of  the  organ — is  one  from 
which  I  shrink  as  from  any  other  kind  ot  solemn  nonsense.  To  my  mind, 
indeed,  rather  than  go  on  as  we  have  been  going,  it  would  be  at  once  more 
philosophical  and  more  intelligible  to  adopt  the  simple  vocal  device  em- 
ployed by  Straus-Durckheim  for  the  designation  of  the  Ossa  metatarsalia — 
**padion,  pedion,  pidion,  podion,  pudion" — ^and  to  re-christen  the  ventricles 
by,  for  mstance,  the  names  pran,  pren,  prin,  pron,  and  prun. 

Fortunately,  however,  another  alternative  is  presented.  Assuming  that 
the  terms  rhinencephalon,  prosencepTialon,  diencephalon,  mesencephalon, 
epencephalon  and  metencephMon  are  to  be  retained,  and  that  they  are  to 
be  learned  by  successive  generations  of  students,  why  should  we  not 
transfer  the  distinctive  prefixes  to  the  Greek  word  for  ventricle,  xoiUa^ 
cndiaf  This  would  give  us  rhiTiocodia,  procodia,  diacodia,  mesocodiay  epieodia,  -^ 

and  metacodia. 

These  terms  are  capable  of  inflection,  and  the  longest  of  them  is  no 
longer  than  the  Latin  ventriculu^s,  which  requires  a  prefix  or  qualifying 
word.  These  prefixes  may  be  also  employed  for  the  designation  of  the 
membraneous  roofs  of  the  "third"  and  "foufth"  ventricles,  and  the 
plexuses  of  these  and  the  lateral  ventricles.  Thus  we  should  have  meta- 
tela  and  metaplexus,  diatela  and  diaplexus,  proplexus,  portiplexus,  and  auU- 
plexus.  Two  or  more  "ventricles"  would  be  spoken  of  as  casZiflp,  while 
the  "fifth  ventricle,"  which  is  really  no  part  of  the  series,  may  well 
be  called  pseudoofXia. 

Aula. — I  hope,  before  long,  to  justify  more  fully  the  proposition  already 
made  (Wilder,  5  and  5),  to  consider  the  cephalic  portion  of  the  "  third  ven-  ^ 

tricle"  between  Wieportm  (Foramina  Monroi),  as  a  morphologically  inde- 
pendent cavity  under  the  name  of  aula. 

Porta. — This  is  proposed  as  a  convenient  substitute  for  the  phrase 
"Foramen  Monroi."  If  the  two  orifices  leading,  respectively,  from  the 
two  procoelisB  ("lateral  ventricles"),  into  the  aula,  and  so  communicating 
with  the  entire  mesal  series  of  coelisB,  were  seldom  employed,  or  even  as 
frequently  as  "Foramen  Magendie,"  there  might  be  less  call  for  a  change 
of  name  ;  but,  according  to  my  view  of  the  best  method  of  studying  the 
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brain,  these  slight  orifices,  which  are  but  rarely  demonstrated,  and  have 
never  been,  so  far  as  I  know,  accurately  figured,  have  a  real  and  great 
morphical  value,  and  should  be  ft^quently  named  ;  hence  the  desirability 
of  a  short  term  capable  of  inflection.  Since  there  is  no  other  encephalic 
porta,  tlie  single  word  is  sufficient ;  but  Monroi  may  be  regarded  as  belong- 
ing thereto,  in  memory  of  the  description  of  the  parts  by  A.  Monro 
BfcundtM  (A).    See  my  paper  (.•?). 

MeditornUf  ste. — In  place  of  the  terms  Comu  dncendem,  etc.,  I  have 
suggested  that  the  three  prolongations  of  tlio  procoelia  into  the  Lchi  tttn- 
poralU,  frontalia,  and  offipitcUii  respectively,  should  be  called  medieornti, 
pra^ormiy  and  po9teornu.    The  latter  does  not  exist  in  the  cat. 

Rim'j. — ^This  brief  name  is  proposed  as  a  substitute  for  the  phrase  **rima 
framrersa  cerebri  magna,**  and  its  various  classical  or  vernacular  equiva- 
lents. That,  in  the  cat,  the  connection  of  the  two  borders  of  the  rima  is 
complete,  and  capable  of  resisting  a  considerable  pressure  of  air,  alcohol 
or  plaster,  has  been  repeatedly  demonstrated  by  me  since  the  25th  of  No- 
vember, 1876.  But  the  proper  nervous  tissue  is  intemipted  ft'om  the 
dorsal  border  of  the  porta  to  near  the  tip  of  the  medlcornu,  and,  in  so 
heavy  a  brain  as  that  of  man,  the  membraneous  connoctionn  are  readily 
torn  during  the  extraction  or  manipulation  of  the  organ  ;  see  my  paper,  0, 

lao. 

Proterma. — prir, — The  primitive  lamina  terminalin  or  I.  einrrea,  Tenna 
embryonic.  My  reason  for  suggesting  difl\}rent  terms  for  the  adult  and 
embryonic  terminal  plates,  is  that,  as  now  understood,  the  latter  includes  not 
only  the  lamina,  cinerea  of  anthropotomy,  but  also  the  parts  afterward 
difiorentiated  to  form  the  Coltimnm  fornicis,  and  the  praff4>mmi8iura,  with 
perhaps  some  other  parts  of  the  fornix. 

Ilypocnmpa^ — In  the  paper  on  Nomenclature  {p,  125)  I  stated  that  thi» 
term  is  employed  by  Vicq  D'Azyr  (A)  in  the  descriptions  of  the  plates, 
although  the  more  common  form  hippocampus  occurs  in  the  "List  of  ana- 
tomical terms,'*  in  the  same  work.  At  that  time,  I  had  only  seen  the 
imssages  in  the  description  of  pi.  vii,  fig.  1  and  8  ;  pi.  viii,  fig.  2  ;  on  p. 
61,  and  elsewhere,  where  the  French  form  hypocnmpe  is  used.  I  have  sinco 
found  several  passages,  as  the  descriptions  of  pi.  vi,  note,  and  plate  viii, 
fig.  2,  where  the  Latin  forms  hypocampm  and  hypocampi  are  given. 

Vicq  D'Azyr  does  not  discuss  the  etymology  of  the  tenn,  but  says  (A, 
p.  61),  the  "grande  hyiwcampe"  was  first  mentioned  by  Arantius  and 
Varolius,  whose  works  are  not  now  accessible  to  me.  Even  Ilyrtl  (A. 
180),  does  not  seem  aware  of  the  use  of  the  word  by  Vicq  I)*Azyr,  and  all 
other  writers,  so  far  as  I  know,  make  it  hippocapmttft.  There  is  no  such 
word  as  xd/iKo^^  and,  if  the  original  orthography  cannot  be  ascertained, 
hypocampa  is  to  be  preferred  on  etymological  grounds  ;  the  ridges  known 
as  hippocampm  major  and  h.  minor  bear  no  obvious  resemblance  to  the 
fish  known  to  the  ancients  as  iKKoxdpxo^  and  hippocampus,  but  the  larger 
of  the  two,  which  probably  first  received  the  name,  does  certainly  present 
a  most  notable  downward  ourDature,  such  as  the  Greeks  might  have  des- 
ignated by   dnoxafXKyj. 
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No  |wri  of  th<»  otti  V  bmin  I*  tlumM^j^hty  or  ^uWolontly  mu\or!«UH>d.  And 
nU  |Mirt!»  m<»«hI  mmuttrmi^hiom'Mhuont.  Tho  toUtnvlnjr  iH>hUH»  iht»rt»ft^iv.  iir»» 
nolortiM  bornu!»f»  I  ho  «lortci<»«rlo!»  in  our  knowltn^jt*'  of  I  horn  huro  lHH»n  nuvt 
UI>»UniMly  imprt*!*«Hl  wyyum  nw. 

.H^MV.iH*,.  <i*H. — IU> o  iho  i»/A»V. I •»/♦«!  thoiituno  n^bilU^n to th<» Columns  ft>r* 
nlol*  which  is*  H<»I»1 10  oxlst  in  Iho  hunmn  hmint  Whwt  morphlctil  xw  toHnu) 
Hl)rnlrtt^niNf*  hrt^  Ihoir  liocn^*  of  Ho|vimiion  fh»m  o«o  nnolhort 

.4rv«i  rr%>f»iM.  Jr  fi  -WUXx  whrti  tit^**  ihi<  tH^rrt»HjHM\d  in  nwn  a\\%\  tho 
U>wf»r  von«»i»rHU*H?  Ifli  rrjm^noni*  \\w  «»/#iNf  or  '^oUvury  inniy/*  it,i  |MV(iiion 
Ih  rt*\or?«iMi  fhnn  XhM  in  nwn  in  rohuion  lo  Iho  npimronl  orij^in  of  iho  A\ 

.4rt*«i  t»r.f/M.  -.Ir  or  With  whrtt  tloo!»  ii  <H>rro,H|MMu\  In  wan  iin<\  tho 
lowor  voriohmio't?  Whul  wn^  il^*  rt^huioni)  lo  Iho  ^ovornl  ot^inmn*  of  Iho 
inyoion  *nti  inoiontv^^hiUon  1 

.iw/.i,  «f,  NVhrti  iin*  lis*  prtM^so  ilniilit?  In  Iho  inil>  »nt\  olhor  (\>rm*  wiih 
»  Uftfi*  m*•f^>^»mm♦*.'^«fs^,  I  his  <>>nuniH?»uro  mny  l>o  it\inmiiHi  «*  iin  t^m^Hl 
lHMinti(uy  ;  h«i  In  nuuu  whoiv  iho  ot>mmijwurt»  i!>Hm«llor»  wmi  in  Ihoiowor 
vortohrwioj*  whoro  it  i*  whoUy  iihsonu  iho  quo^^iion  of  liiniiniion  li»  moro 
tlimcuil. 

.H«/#/».V.rMji.— «i/».f,  Tiio  |>io\n*  which  wpjv^ttrs^  nonr  tho  t\omU  ond  of  iho 
♦im/.i  on  wich  !*ltio.  ThI*  |>io\n!»  i?*  conllnuouj*.  ihn^nj^h  Iho  |H»rf»yiVsr«#*, 
wiih  liio  /»»*t»/»^Tw*»  And  Ai^iwronily  nUo  wiih  llio  dinpiowi^  hnl  iho  rt»U« 
lionH  of  Iho  iAilor  nro  donblOi). 

A;*  lo  liio  pio\u?»os  In  jnMu*ml.  wro  liioy  ft^rnuHi  «*  »iAlot\  hy  Qimin  (A» 
II.  54A>.  ami  Olhor  HUihoi>«  hy  Iho  inlrusion  of  iho  iVot*  lH>nIor  of  iho 
vohim,  or  of  |mHVsso,s  ihonn^f.  si  Hi  covon^i  hy  iho  ondyma,  Inio  \h<^ 
vnrlou!»  i*»\iilo!».  or  a*  rtn^onlly  !«laiod  1\y  Ml  van  0^.  'i^^^'^  * 

'*Tho  cho^>ld  ploxusos  of  Iho  htlom)  vonirlclo?*  art*  OIko  lh<v<o  of  tho 
thinl'j  niort^ly  )H>rtltM\^  of  ihoo|HM\dynm,  which  happen  lo  Ih»  vory  xni^culan 
And  aro  nol  roallv  Iniruslon'^  IVtMU  wlihoul/* 

ThU  siaioinoni  In  80  ihwIiIvo  ihau  ihouch  nnj«ni>|Miriod  hy  rt^sturt^*,  or 
tioirtlhni  dcHcrlpilon.  I  forln^ar  lo  artinn  iho  iHM»in»ry.  So  ft^r  a*  I  can  jndjrt*. 
howovor.  liio /i»*.»/>/f  r»^<A<  an*  Iniruslons  of  iho  pla.  whUo  Iho  ♦f#\>^»lrx##j>*f* 
Hcom  lo  iNM'rtw|>t\nd  mort*  nearly  wlih  Iho  view  i»f  Mlvari.  In  Iho  ono\^5»o. 
the  fold  of  vohnn  ht»rtr«  lo  ihc  fold  of  ondynia  Iho  3*«uno  rtdallon  which  an 
AlHlondnal  vlsc«?»  hoars  lo  iho  vlsin^rtd  b»yor  t>f  porliononm  j  In  Iho  other 
caj»e.  the  ple\U'»  may  bo  tNmi|v^rtHt  lo  n  l\>ld  ot  on\enliim. 

f\»n»».f  Oornlcl?«V--iM. /— How  nearly  t^^nniAni  U  \u  and  what  In  Iih  !*I^- 
nItlcantH*  ? 

f\HiW,i  (,«rfV.»/A. — ivf,  »,.  Is  It  disilnci  In  Iho  tnil  ?  Has  It  tho  rohulonsdo** 
rrlhtHi  In  man  hy  Cuvler  {Us  HI,  M),  and  oiherj*^  and  moro  rotvnily  And 
J\dlv  hv  Oallon  [f.  W1 

Spiuka  st^ys  (r^ :    • 

"I  have  IdenilthHl  ihls  siruchiro  In  Iho  cat ;  It  does  not  make  a*  lino  a 
tiw^oopaji  la  man,  hul  is  dUilncl  at  Iho  nH>f  of  Uk>  Inferior  horn  and  h^vn 
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itsolf,  as  has  long  been  known  in  the  case  of  the  human  brain,  near  the 
Nucleus  amygdala.  Prof.  WiUior's  term  is  the  only  admissable  one,  both 
as  being  descriptive  and  on  grounds  of  priority.'* 

Chuisma, — ch, — How  complete  is  the  decussation  ?  Of  course,  micro- 
scopic sections  must  be  made,  but  something  might  be  ascertained  by 
tearing  apart  the  fasciculi  after  proper  ti*etitment  to  harden  the  nervous 
tissue,  and  soften  the  connective. 

(VmAw.— rr/4*. — Without  seeing  Qudden's  paper,  I  have  assumed  that 
this  is  the  **(ractu8  transvenun  pvdunculi**  mentioned  by  Meynert  (A, 
787).  Something  of  its  course  after  it  enters  the  crus  may  be  seen  fVom 
microscopic  sections  ;  I  have  not  examined  its  dorsal  end. 

Commissura  fornicis, — Cs.f. — Is  it  constant  in  the  cat,  and  is  it  repre- 
sented in  man  and  other  mammals.    Is  it  a  true  commissure? 

Crista  (fornkis). — era.  /. — ^What  are  its  histological  composition,  its  fVinc- 
tion,  and  its  morphical  significance?  In  what  other  animals  does  it 
exist?    See  my  paper  (7). 

Diatfla.-^tL-^Tlie  roof  of  the  "third  ventricle.  **  What  is  its  histo- 
logical composition?  What  is  its  relation  to  the  velumt  or  the  pia  in 
general  ?    How  are  the  dlaplexuses  connected  with  it  ? 

Diaplexus, — dpx. — Are  these  formed  by  the  intrusion  of  the  border  of  the 
velum,  or  by  only  a  fold  of  endyma?    See  auliplejtu^. 

Foramen  Magendie, — Fm.  Mg. — The  alleged  communication  between  the 
motiicwlia  "fourth  ventricle**  and  tlie  " 8uban\clmoid  space.'*  Does  it 
exist  in  the  cat?  What  are  its  exact  poshion  and  form?  Is  tliero  more 
tlian  one  ?    Does  it  permit  the  jwssage  of  liquid  in  one  or  both  directions  ? 

Flocculus. — fie. — ^Is  tills  represented  in  tlie  ci\t? 

Hypocampa. — hmp. — What  is  its  relation  to  the  fornix  and  the  fimbria? 

Insula, — ins. — Is  the  "Island  of  lleil "  represented  in  the  cat  by  any 
distinct  elevation  ?    If  not,  what  part  of  tlie  surface  corresponds  with  it  ? 

InUroptki.'^ioj). — Is  this  pair  of  lobes,  discovered  by  Spitzka  (^,  S, 
and  11,)  in  some  reptiles,  represented  in  the  cat? 

Lyra. — ly. — What  are  its  fonn,  extent,  connections  and  manner  of  for- 
mation ?    Is  it  in  fact  a  distinct  structure,  or  only  a  surface  ? 

Metatda. — mttl. — The  membraneous  roof  of  the  "fourth  ventricle." 
What  are  its  form,  attachments  and  histological  composition?  What  are 
its  relations  to  the  picfaptcrusf 

Myelon  and  metcnccphalon  (medulla).  Leaving  their  histology  out  of  the 
question,  I  have  not  been  able  to  satlsf^'  myself  ivgartUng  the  relations  and 
nomenclature  of  the  visible  components  of  these  parts. 

Pia  (mater). — pi. — Does  it  consist  of  one,  two,  or  more  layei*s?  What 
are  the  relations  of  its  lavers  to  the  Fissura  media,  and  to  the  intervals  be- 
tween  the  cerebellum  and  hemispheres,  and  tlie  cerebellum  and  medulla? 

l^)r(a. — p. — In  my  paper  (.*?)  are  given  reasons  for  considering  that  there 
are  two  porta?  leading  fttnn  the  mesal  aula  in  the  two  procwlia*. 

2^r€Pgeniculatum.^}rgn. — Is  tliere  not  some  external  or  structural  line  of 
demarcation  between  the  thalamus  and  ih^  profgeniculatumf 
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PuhinoT, — pJ». — Has  this  any  distinct  representative  in  the  cat  ? 

Qtiadram, — q, — ^How  constant  are  the  inequalities  of  the  sor&ce  ^rhlch 
enable  as»  in  some  cases,  to  define  this  area  ? 

Radix  intermedia  {rhinencepAali), — Bx.  in. — ^Is  this  erer,  in  the  cat.  s 
distinct  root  ? 

Septum  lucidum. — Spt  lu. — ^Is  there  ever,  except  in  man,  any  space  or 
pseudocedia,  **  fifth  ventricle,"  between  its  two  lateral  halves?  Are  thf-r? 
halves  ever  separated  by  a  prolongation  of  the  pia,  or  only  by  connective* 
tissue,  or  are  they  ever  actually  fused  so  that  the  true  nervoos  tissue  is 
continuous  1 

8ideu»  hdbenee, — SI.  A. — ^Is  the  line  of  reflection  of  the  endyma  from  the 
thalamus  always  along  the  same  line,  or  at  the  same  distance  from  the 
habena  ? 

Tania. — tn. — ^Is  the  *'t€Bnia  semiculcularis**  a  distinct  band  in  the  cat? 
If  so,  what  are  its  relation  with  the  rima,  the  proplexus  and  fimbria  ? 

Terma. — t. — (lamina  terminalis).  What  is  its  histological  composition: 
Shall  the  name  be  held  to  apply  also  to  the  very  thin  portion  of  the  ce- 
phalic wall  of  the  aula  between  the  prcBC&mmissura  and  the  crista  ? 

VaUtiHeL — vv. — ^The  roof  of  the  longer  and  cephalic  part  of  the  epicoelia. 
Does  it  consist  of  true  nervous  tissue,  wholly,  or  even  in  part,  excepting 
at  the  place  of  attachment  of  the  NX.  trochleares  f  Is  its  ectal  sarfa<'e 
covered  by  pia  ?  What  histological  changes  occur  at  its  connections  with 
the  cerebellum  and  postoptici  ? 

Velum  (interpositum). — vi. — ^What  is  the  relation  of  this  to  the  folds  of 
pia,  and  to  the  thalami  and  fornix  ? 

D.— EXPLANATION  OF  THE  PLATES. 

All  of  the  preparations  from  which  the  figures  are  drawn  are  in  the 
IVIuseum  of  Cornell  University,  and  are  accessible  for  examination  to  thos<; 
w^lio  may  desire  to  verify  the  figures  or  the  descriptions. 

In  most  cases,  each  figure  is  based  upon  more  than  one  preparation. 
EncephalotomLsts  need  not  be  reminded  of  the  difl^culty  of  obtaining  ;» 
preparation  which  shows  many  points  of  structure  equally  well.  Since  the 
present  paper  is  only  general,  and  does  not  aim  to  indicate  individual  pecu- 
liarities, or  those  of  sex,  breed,  or  age,  most  of  the  figures  maybe  regarUe«i 
as  representing  what  may  be  called  an  average  cafs  brain.  It  is  obvious 
that  a  very  large  number  of  specimens  would  need  to  be  carefully  com- 
pared in  order  to  confer  upon  any  generalization  respecting  sex,  etc.,  a 
trustworthy  character. 

It  will  be  noticed  that,  excepting  when  there  was  some  special  reason 
for  a  contrary  course,  the  figures  have  been  uniformly  placed  in  one  of 
two  positions.  The  symmetrical  figures  are  so  placed  that  the  meson  cor- 
responds with  that  of  the  observer,  the  two  sides  being  right  and  left  like 
the  observer's  eyes.  The  unsymmetrical  figures,  representing  the  latent! 
or  mesal  surfaces,  natural  or  in  section,  are  usually  so  placed  that  the 
cephalic  end  points  to  the  left  of  the  observer. 
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In  a  short  pi\per  (17)  the  writer  hiw  previously  urged  the  desirability  of  a 
uniform  position  for  anatomical  figures,  and  suggested  tliat  the  head  end 
should  be  always  toward  the  left.  As  is  stated  above,  while  this  seems 
to  be  most  advantageous  for  unsyminetrical  figures,  tlie  symmetrical  ones 
are  more  easily  understood  and  com^mred  in  tlie  position  which  is  usual- 
ly given  them. 

Tlie  obliquity  of  fig.  17  wi\s  necessary  in  order  to  show  the  Fissura  Ay- 
pocamixr  in  its  whole  length.  That  such  a  position  is  undesin\ble,  as  a 
rule,  may  be  inferred  fix)m  the  unwonted  emphasis  with  which  it  was  con- 
demned by  the  late  Prof.  Jeffries  Wyman  ; — 

**  The  photograph  is  f\x>man  oblimie  point  of  view,  which  I  believe  people 
will  never  learn  to  be  a  bad  one.  If  the  view  had  been  flill  front,  or  tXill 
side,  or  fUll  anything,  it  would  have  been  better  than  this.** — The  Ameri- 
can Naturalist,  II,  52. 

Most  of  the  figures  are  twice  the  diameter  of  the  prepanitions,  and,  with 
the  exception  of  figures  1  and  3,  it  should  have  been  better  to  make 
the  enlargement  four  or  five  diameters.  Aside,  however,  fVom  the  greater 
exi)ense  which  this  would  have  involved,  such  a  degix^e  of  enlargement 
would  have  rendered  it  not  only  possible  but  necessary  to  show  certain  de- 
tails of  structure  upon  which  my  information  is,  at  present,  imperfect. 

All  of  the  figures  have  been  dn\wn  fVom  my  own  preparations  by  Miss 
G.  D.  Clements,  B.  S.,  at  the  time  a  student  in  the  Natural  History 
Course  in  Cornell  University. 

Artists  and  anatomists  who  have  undertaken  to  represent  the  details  ot 
encephalic  structure  undei*stand  the  difticultios  of  the  task,  and  will  ad- 
mit that  the  omissions  and  inaccuracies  to  wiilch  attention  is  called  in  the 
descriptions  are  lH)th  few  and  unimportant  com|)ared  with  the  general  thor- 
oughness of  the  work.  Indeed,  for  all  the  deficiencies,  I  hold  myself  much 
more  responsible  than  the  artist,  by  whotn  some  of  the  figures  were  dn\wn 
at  least  four  times,,  twice  upon  stone. 

riiATK  1. 

Fig.  1.— The  dorsal  aspect  of  the  brain.     Enlarged  two  diameters. 

The  genenil  form  and  some  of  the  fissures  are  drawn  fh)m  prep*s  288 
and  280,  the  bisected  brain  of  a  white  and  Malti*se  9  *  l>wt  the  fissures  of 
the  right  hemisphere  are  derived  fnnn  several  different  prepanuions. 

The  Lohi  offftrtorii  (L.  ol)  are  made  somewhat  too  prominent,  but  there 
is  conslden\blo  difference  between  aits  in  this  respect,  although  much  less 
than  between  dogs. 

The  general  features  of  the  eercMlum  {cbt.)  are  well  shown.  Tlie  Lobi 
lateraU's  {L,  I)  have  only  a  fair  proiwrtion  to  the  median  lobeor<vrmi« 
(urn.),  instead  of  the  prei)oudenince  which  they  have  in  the  human  brain. 
The  lateral  contortion  which  characterizes  the  caudal  aspect  of  the  vermis 
in  adult  cats  (jis  shown  in  my  jmper,  10,  221,  pi.  i,  fig.  1  and  2)  does  not 
aflfect  the  dorsal  part. 

Of  the  iMtenc€phalon  imten.)^  and  myelon  (myO»  ^^^  following  features 
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are  shown  :  The  Flssura  dorsimesalis  (R  dms.),  or  "Posterior fissure;" 
the  dorsilateral  fissure  {F.  dl.) ;  the  Columna  dorsalis  (dm.  d.),  and  the 
Clm.  lateralis  (Clm.  I.) ;  on  the  right  side,  the  principal  trunk  of  the  JV. 
accessorius  (^.  04^.),  and  the  dorsal  or  sensory  funiculi  of  the  first  spinal 
nerve  {^.  cv.  1.). 

As  already  stated,  the  fissures  of  the  hemispheres  are  differenijy  repre- 
sented upon  the  two  sides.  The  combination  of  the  two  kinds  of  fissural 
arrangement  in  a  single  figure  serves  to  illustrate  the  extent  of  the  lateral 
variation  and  compensation  to  which  attention  was  called  by  me  in  1873 
(10,  232). 

The  postsylvian  and  supersylvian  (FF.  ps.  and  «.)  are  represented  as 
united  upon  the  left  side,  but  separated  on  the  other.  The  junction  is 
more  common,  but  the  separation  is  sometimes  complete.  The  case  is 
somewhat  similar  with  the  lateralis  and  medilateralis  {FF.  I.  andm{.). 
The  ansate  fissure  (F.  an.)  presents  itself  in  so  many  forms  that  it  is  diffi- 
cult to  determine  its  normal  condition  and  connections.  It  is  usually 
joined  with  either  the  lateralis  or  the  coronalis  or  both  ;  when  separate,  it 
often  is  triradiate ;  but  occasionally,  as  in  prep.  294,  on  the  left  side,  it 
forms  a  nearly  straight  fissure  at  right  angles  with  the  lateralis  and  coro- 
nalis, and  wholly  independent  of  them  both.  This  condition  is  repre- 
sented on  the  right  side  of  fig.  1.  This  fissure  demands  fuller  investiga- 
tion, especially  with  reference  to  its  representation  in  the  human  brain. 

So  far  as  I  know,  the  following  junctions  of  fissures  whicli,  on  some 
grounds,  may  be  regarded  as  fissural  integers,  are  constant  in  the  cat :  Of 
the  rhirial  {rh.)  with  postrhinal  (prh.),  and  of  the  sylvian  («.),  with  the 
point  of  their  union;  of  the  superorbital  (so.),  with  the.rhinal;  of  the 
callosal  (cl.),  with  the  hypocampal  {hmp.)y  and  with  the  preradical  {prrd.),  '^■ 

wlien  it  exists. 

The  following  junctions  are  common  :  Of  the  diagonal  {dg.),  with  the 
anterior  (a.)  ;  of  the  postsylvian  (/>«.),  with  the  supersylvian  (ss.)  ;  of  the 
medilateral  (ml.),  with  the  lunate  (In.),  and  with  the  lateral  (I.),  or  the con- 
finis  (cf.)  ;  of  the  marginal  (mr.),  with  the  postmarginal  {pmr.) ;  and  of 
the  ansate  (an.),  with  the  lateral  or  coronal  (cor.),  or  both. 

The  junction  of  the  cruciate  (F.  cr.),  with  the  splenial  (F.  sp.),  which 
Guillot  has  seen  once,  Krueg  twice  (Krueg,  2,  620),  and  Pansch  (/),  three 
times  out  of  fourteen,  has  been  observed  by  me  on  only  four  of  the  many 
hemispheres  examined.  I  have  never  seen  a  union  of  the  splenial  with  the 
postrhinal  [prh.). 

I  have  never  observed  the  union  of  the  anterior  and  posterior  fissures  to 
form  the  "first  or  lowest  arched  fissure"  of  the  Canidoe.  On  the  other 
hand,  as  stated  by  Krueg  (;?,613),  and  by  myself  (11,229),  this  union  some- 
times fails  with  domestic  dogs  ;  hence,  in  this  as  in  many  other  respects, 
the  cat  presents  less  tendency  to  vary. 

A  junction  of  two  fissures  is  usually  marked  by  a  less  depth  of  the  com- 
pound fissure  at  that  point,  constituting  a  concealed  "  transition  convolu- 
tion" or  **pli  de  passage,"  which  may  be  seen  by  separating  the  sides  or 
by  slicing  off  the  cortex. 


) 
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Fig,  9.— The  sinistral  aspect  of  tlie  bralu.  From  prep.  388,  Enlarged 
two  diameters. 

Tlie  rA)btis  olfdctoriua  (L.  ol)  is  made  somewhat  too  prominent.  The 
curved  line  ui>on  its  latenil  surface  indiciites,  approximately,  the  boundary 
of  the  more  cephalic  portion  of  the  pero  or  ectal  la^'cr,  whence  arise  the 
2{erDi  offactoriL    These  nerves  are  not  shown. 

The  fetitures  of  the  Crm  o^factoriatn  indicated  by  hn.  e«Vk  and  Im,  alb, 
are  more  fVilly  shown  upon  fig.  3. 

The  yerotM  opticus  {y.  op,)  projects  fVom  the  ventral  margin  of  the  fig- 
ure, and  the  Fissura  S^lcMtia  (F.$,)  is  seen  dorso-caudad  of  it. 

The  ventral  end  of  this  fissure,  tis  is  always  the  case  in  the  Ci\t,  joins  the 
fissure  which  forms  the  dorsilateral  boundary  of  the  Tract  as  olfactorius 
(7V.  oL),  and  the  cephalic  and  caudal  divisions  of  that  fissure  are  called  re- 
spectively rA*/M/i«and  jyostrhifuilis  (FF,  rh,  and  prh,).  So  much  of  the 
hemisphere  as  lies  caudad  of  the  F,  Sjflcitnui  forms  the  Lobm  fempora/wr 
(L.  fmp.),  the  ventral  extremity  of  which  is  the  LobuUis  hypocampm  (TA. 
hmp.), 

Tlie  cerebellum  {cbl)  presents  the  narrow  median  lobe  or  tcrnm  (om.), 
and  the  Lobus  lateralis  (L.  L).  Near  the  ventriceplialic  angle  of  the  lat- 
ter, two  or  three  of  tlie  laminro  of  the  second  tier  project  as  the  Lobulus 
appcndicularis  {LL  ap.),  which  is  seen  bettor  in  fig.  3, 

The  mctaplcjciis  shown  in  fig.  3  (//*f/).r. ),  has  been  removed,  so  as  to  ex- 
pose the  prominent  EinitutUi:i  awiitoriti  (Kin,  a«,),  whence  springs  the 
3",  auditorius  (iV.  aw.). 

Just  ventrad  of  the  eminence  is  the  trapezium  itz,)^  and  cephalad  of  this 
is  the  pons  Qin), 

Between  the  pons  and  Uie  hemisphere  appears  a  part  of  tlie  Crus  cerebri 
(Cr.  cb.),  and  cephalad  of  this  is  the  slender  JV.  trocMearis  (X  fr.),  which, 
by  inadvertence,  seems  to  emerge  frt>m  the  F  postrhinalis  instead  of  ftrom 
between  the  cert»belluui  and  the  hemisphere. 

The  X.  tri(jefMfnis  {X,  trg,)  has  been  cut  short,  in  order  the  more  clearly 
to  show  that  it  emerges  just  caudad  of  the  pons,  and  not  through  it 
as  in  man. 

The  remaining  nerve  origins  are  indicated  only  by  dots.  Those  of  the 
yy,  glossopharyngeu^,  vagus  and  accessorins  (AW.  gph,,  r.  and  ac.)  form  a 
series.  At  the  side  of  the  myelon,  near  the  dorsal  and  ventral  bonlors,  are 
seen  the  origins  of  the  first  cervical  nerve  (S,  c*r.  /.). 

In  this  figure  the  fissures  are  accurately  repn»sented  as  they  are  in  the 
preimration.  excepting  that  the  small  F.  luntita  (F  In,),  has  been  added 
frt>ni  prep's  519  and  520.  The  small  F  inUr media  might  well  liave  been 
inserted  between  the  dorstil  ends  of  the  FF,  anterior  and  postica  {FF,  a 
andp). 

Plate  ii. 

Fig.  3, — ^The  basis  cncephali,  or  ventnU  aspect  of  the  brain.     Enlarged 
two  diamete  rs. 
The  pro[)ortions  and  general  features  are  from  the  brain  of  an  adult  $, 
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NitiniM  i\\w  rt^jjKm  tv|*lwhiU  ot  I  ho  ohiA^&mn^  rtro  tVnau  MM  mwX  M?  i  of  thtc* 
Ar.  fh^t^*^^ntiUs  \\\w  n^ijion  tnuuUul  oflht*  |hmis^  IWw  SkV<  4M  »ml  4iUv  Aiul 
oflht*  IntormtHUHie  A.  »*'^**rxi.V*  iVimi  4x^^.  »V>tt.  »m)  5^7. 

AUv»t  of  tho  uorvtvs  tuu)  f^*M>r«l  rtsnwrv^  «rt»  louortnl  on  I  ho  ri^hl  js^I*** 
*iul  nuvit  of  I  ho  oihor  \virt<  on  tho  U^rt,  S^mwo  of  tho  loft  norvt^  *ro  owl 
«hort.  ^i\\\  tho  loft  A\  f#Nv.V.V»»m  In  not  nhown  «t  ttU. 

Tho  i.M  %^'\tc(.>ni  ^  /,«\  t4,  ^,  An\)  nn^  nwUo  U>o  lon^c*  «i^t^  tho  A^r^v^U^fcNK* 

Aitoniion  I*  onUtM  to  tho  t\^Uo\vlnjf  tn^hit*,  ohiotly  Ut  eomt>AH^>n  with 
tho  hninait  htvkin  >- 

Tho  »l»soniV  of  tt  tlUthuM  fi^ulu  iHf^rm<%fi^$  \,fix.  in  \  of  tho  (Vi»*  \\f\tii^^^ 
rttfn*,  *H^rrt*s|HnuUnji  with  tho  *o  aUUnl  **mMtUo  n^^  of  tho  ott^tsory 
ttorvo**  in  ini^n.    Tho  |^m  *o  itoslvtntittHl  mnnt  tho  t>l«to  U  «|>|>An>nt)y  tw\y 
ftn  *rt^,  i^HMi^  rut  holy  um\it)ortmtkto«l»  In^twwn  tho  ntoiv  t^r  lois*  t)hi\^u^ 
tmot^t  formh));  tho  HMtiiWs  mi^Mii*  rMwX  ^l/rfM«Vjt. 

Tho  turnUiit  of  tho  A\r,  m^^Mi^  \^ikX.  #iwi.U>vor  tho  m^r^in  of  tho  hmiit  *o 
»j^  to  ut^tH^r  n|Hm  tho  nu'son« 

Tho  (tisthu'tUm  of  tho  AVr.  hUfstih  <,/i\r.  h)t  htto  a  UiomI  st'f^y  wu^  ;i^ 
inos^)  >\hlto  tmot,  tho   Limits  oiVkiv«i  {i  m.  \-i'*A  ami  tho  i.m^  *i*\t> 

Tho  ^rt^t  oxtont  ot  tho  i^/.«vM<t>  |»»^r;v^»#^»^^«  Ki^'T/^  *^tul  U*  ilhis^vxn 
htto  A  (vt^huUo  luort^  immUnont  |HM*Uon  v'^^/*Vam\A  OiimhU  \)o|\rx\sjU«Kl 
|H>rtion  i/1  %IA.  Hoth  iH^rilonn  urt^  '*|H»rl'omitHl/'  hut  tho  Uojjroo  of  t\tr- 
rowhi^  of  tho  a.  |»/N«'#*#'*iri*^  vttrlojk  iHMt*UU*rtthly.  Tht^o  t\trro>v*  o\Ut  tn 
jKWto  othoT  l^Arnl>ortt, 

Ttto  wUlth  of  tho  V/H'i»\%*i*  V  \/»A,  \  ftnO  tho  oron^tKu)  of  U*  ot^mk)  Wnlor. 
httUonthi);  tho  oxUtoniv  of  «n  oniul  !*utvt|\horU^\  mtisS;!^  >\hh'h  U  ^worosl 
hv  *M  oiMuJ  UYor»  tho  thhuioss^  of  wtUotu  \n  tho  i>u\uUl  rt\ijlon.  j^omtit*  tho 
oimtonr  of  tho  t\>nwor  to  Ih^  8»oon, 

Tho  sUjrht  \Wj:nH)  of  sotvirutlou  of  tho  »MW*\ii«#»\»  t*i^i*.V  wiUoh  *ro  horo 
noarly  ^vnivnUni  hv  tho  liytH>|\l^ys.i^  hwt  moro  tiUty  ?Uu»vu  U\  t^^.  t5j, 

Tho  \\lsUnotnos*  of  tho  o^'-^V*  t^o"*\^»  or  ^'ttsu'fit^t  tr\$Hif(hfr^HS  |*<^l**«»*«*J»s*' 
whioh  U  l*oitor  ^wu  h)  rtj:,  tl, 

Tho  slljrht  o\tont  of  tho  truo  |H^<^/vrrV*M/w«  uvi'' ^  ^  '^**^  *^*^\^'  1^^  whh^h 
U  rottUy  **\><»rfonutM**  U*  *niuU  tHun^^uhir  «n>ii  Ju*t  Oikmlti\i  of  tho«\hi- 
otinilti,  M\i\  \^TX\y  hMdon  hv  thorn, 

Tho  h^sji  eniulo  ivj^hrtUo  o\lon*U>n  of  tho  |K»'Kt  vi***-^  J  thU  o\|HViH?*  nuxr^ 
of  tho  J#Yo  l/♦^r»or«,/^»;«.!^  (Jr.  ♦V.^  thun  \\\  ttmn»  untl  tuuwor*  tho  |r*ir^%4*\** 
{ts.\  whloh,  ht  uwn»  U  whoUy  tMnanUtnl.  i\nuto\itHl  a)?^^  >\hh  thi* 
ft^aturo  of  tho  inm*  U  tho  thol  thut  tho  X  ♦•*S*w*vm*  vA'^  ♦»^*^.^  |vi*j*o* 
tllrtvttv  iV|^huU(l  tVnn  its  orljjln  »  UttU^  oAiuUil  of  tho  |h*w*»  whoro^i*  in 
MtHi*  it  I*  t\m\Hl  to  onrvo  iinnuu)  tho  oamUi  tHuMor.  Fiw*Hy»  tho  X  ^tVr««l- 
i*»M4  uV,  fiyX  in  phuH»  of  otnorjiinjt  thnmjsh  Uio  )>on«ti4i  in  um4X»  Mi^o» 
vhoUy  eamiiiil  of  It,  aUhou^^ih  olt>*oly  Appiitni  to  it*  *urtht^, 

Tho  groator  oxtont  of  tho  ,4r»  t^rw^nVX  >vhioh  may  Iw  aserihwl  hoth  tv^ 
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the  less  extent  of  the  pons,  and  the  less  degree  of  flexure  of  tire  whole 
brain  at  the  mesencephalic  region. 

The  greater  width  of  the  Tra^tiia  postrhinalis  (7V.  prh.),  which  includes 
the  surface  of  the  Lobttltis  ht/pi>catnp(B  {LL  hmp,).  In  man,  indeed,  this 
part  is  hardly  visible  on  account  of  the  prominence  of  the  convolutions 
laten\d  of  the  F.  poatr?iifMlis. 

The  apparent  origin  of  the  IT.  oculomotorius  (-Y.  ocm,)  laterad  of  the 
meson,  and  just  caudad  of  the  cimbia  (cinb,). 

The  appearance  of  a  division  of  the  ectal  layers  of  the  pontile  fibres  into 
three  groups,  cephalic,  caudal  and  intermediate,  the  latter  partly  over- 
lapped by  the  other  two. 

The  appearance  of  a  faint  band  crossing  the  trapezium  a  little  obliquely 
between  the  origins  of  the  yy,  (ibductM  (-V".  abd.)  and  facMlis  (N,  /.). 
The  distinctness  of  this  band  varies. 

The  origin  of  the  y.  ?iypoglossus  (A",  hg, )  laterad  of  the  Area  elUpHca 
(Ar.  el.),  which  might  otherwise  be  Uikon  as  the  surface  of  the  oUca 
or  "olivary  body  *'  of  man.  The  determination  of  this  point  involves 
some  comparisons  and  sections  which  I  have  not  yet  made,  so  I  merely  in- 
dicate the  part  by  a  descriptive  name  and  leave  the  question  open. 

The  close  association  of  the  roots  of  the  Xy.  glos8op/uiri/n{ieus  (JV!  gph.), 
ragui  (^V.  ».),  and  acci'ssoriua  (iV".  ar.).  The  long  caudal  nerve  is  of  course 
accessorial,  and  the  cephalic  funiculi  are  unquestionably  glossopharyn- 
geal ;  but  how  the  intermediate  fimiculi  should  be  assigned,  I  am  not  yet 
sure.* 

The  marked  prominence  of  the  ventro-lateral  region  of  the  metence- 
phalic  continuation  of  the  Oolumna  UtteraUs  mi/ehnis  {Clm,  L),  forming  an 
elevation  to  which  I  have  applied  the  provisional  name  Area  ocalis 
(Ar.  or.). 

The  absence  of  any  superficial  decussation  of  the  p,ymmwf«  (Pi/-)^ 
Hence,  the  F.  ventrift^aalis  {F,  r//«.)  or  "anterior  fissure,"  is  uninterrupted. 
The  F  mfUrilateralM  (^F  vL)  is  dotlected  at  the  caudal  end  of  the  Area 
elliptiC'fi. 

Fig.  4. — ^The  mesal  surface  of  the  right  half  of  the  bnun  (hemiencepha- 
lon  dextrum).     Enlarged  two  diametei's. 

The  general  features  are  from  the  sanu^  brain  as  fig.  3,  but  some  features 
are  derived  fram  prep's  300,  804  and  454. 

The  surfaces  shown  in  this  figure  are  of  four  kinds,  as  follows  : — 

1.  The  natunU  surfaces  which  are  coveivd  by  pia.  These  are  the  mesal 
aspects  of  the  hemisphere  (hem.),  and  the  Lobun  offaetoriits  {L.  oL). 

2.  The  natural  mesal  surface  {Ar»  apt.)  of  the  right  half  of  the  septum 
lucidum,  which,  in  the  cat,  is  in  contact  with  its  lateral  homologue,  or 
separated  thereftx)m  only  by  a  thin  layer  of  connective.  I  have  never 
observed  an  interval  corresponding  to  iho pseudoetvlia  or  "fifth  ventricle*' 
of  man. 

*ln  a  paper  ou  the  N.  vasus  in  the  cat,  presented  at  the  same  time  with 
this,  Prof.  T.  1).  StowoU  haa  given  a  fuller  aooount  of  the  relations  of  these 
nerves. 


a.  Tho  imtum)  t'lulvma)  mirfluH'!*  of  ih<»  tnio  <»fWf.r  or  "  vonlrloUv^/*    i>f 
ct>ur»o  the  '*lHtonU  vontrlrloj*,**  prtHwliiv*  {\o  not  npiHM^r. 

4,  Tho  out  !*urfiuM»»  of  tho  ^tmmtAnure*  and  ollior  i>»irtj*  w)\ldi  crow  tho 
ino!«on,  or  Ho  «|M>n  U,  In  tho  fVivA< //♦/»«  (oA^)  tho  rt^hitlvo  arotut  of  th«^  onlat 
rtMii  ami  tho  ooial  ctttriY^t  formlnjt  tho  »iWK»r«*»V<i»(«i»V^»),  aix»  IntUoattn)  by  tho 
Hhadlnjt :  with  h»S!<  dotlnllonoss,  tho  aUm  U  shown  in  tho  f4t/^»j((/m  ^t*/.).  tho 
/<>rwi^r  (/.).  tko  prtt>i'i*mmt\<«HM  (/mv**,),  tho  )H)stoomniUvSura  (/»<>«, \  tho  «*om- 
mM.ttfrvf  hthiHitrutn  (i*j«.  A.)»  and  tho  chiinftihi  (<'A,)*  Tho  ftoollon  of  tho 
ttn'iUcoMmmunt  (wi**.)  Mhould  appoar  iu«  if  iH^n^jHVHod,  at  lw4«t  chioliy,  of 
oinoroa,  hut  no  attempt  han  boon  nmdo  to  indioato  tlvo  natuix^  of  tho  out  Mir - 
faot»«  of  tho  Cf^sft9  jornu'in  ((>«»/.).  tho  fa^mtt  (/.),  tlio  h^ih>ith^m  (A/»A.), 
tho  i4{fHhtUhuhtm  {0{f\),  tho  AfWiV»»mwiWwfN»  (A****. )»  tito  roM«rr#Vm  («*».)»  tho 
f»;»fW  and  |Hw/f»;»/#W  (i»/».  andj^/K),  tho  «sf/nW4»  (f«\),  tho  (Vtiiv  o<»>y^W^(V, 
oA  ),  tho  mtfiifrfit  {mtfi),  or  tJio  rt^st  of  tlu>  oponiH^phaitut  and  ntoion- 
oophalon  {u^^u,).  Tho  oxtont  of  tho  transvorso  rtbn»s  of  llio  ikm^  O^***) 
HhouUl  havo  boon  ri»proj*ontod»  at  U»ii8t  appMxlntatoly, 

So  much  ot  tho  cotdmlio  Imundary  of  tho  ^tufa  {\.)  m  Intorvono*  ht*- 
twoon  tho  /)fNro«>mwM»wivi  (;»v.i.)  and  tlio  criMa  {Cnt.  f.)  U  vory  thin,  and 
h  too  indidiinotly  shown  in  tiio  tlg\tro.  Noithor  hoiv  nor  at  atty  otiior  ^H^ini 
in  there  any  such  interruption  of  tlio  waii  lut  wouid  form  a  aunmunioation 
Innwoon  tho  truo  oo^iito  and  tho  |woudooudia  or  tlio  octal  surfiict^  of  tho  bmin. 
It  ia  pn>lmbio  tiiat  tlio  tm»sonn»  of  »uch  a  communication  its  is  itscrihtHi  to 
tho  human  ombryo,  and  to  stmio  animals  in  {^yuxUx  {\,  II,  A4i))«  ia  duo  to 
tlio  artificial  rupturt*  of  tho  natural  connociions. 

Attention  i«  called  to  the  followinj?  )>oini>s  chiefly  in  comi>ari«on  with 
the  human  brain  :  •  - 

The  ap|>earanco  of  the  /i*,r  mfntiftit  {llr.  «m.)  on  the  meson»  and  the 
prt^sonce  of  tw«>  shallow  tissun^s,  )H>jtff\iffiV(i/M  and  ;M\p»N»cf#VfWfii  {FR  fmf^ 
and  pml)  Ihmwoou  it  and  tho  adjoinlu);  surt\icos  of  the  iKMuisphon^ 

Tlio  larjff*  si«o  of  the  commissuros,  especially  tho  «k»<^Vf»mw4**wi*»f  which 
nearly  flils  tho  diaco'lia  {dc.), 

Tho  non*apt)oanince  of  tho  ;»»)rM  when  the  meson  is  viewed  squari'ly  ; 
it  is  doubt  fid  whether  tho  human  ''fonunon  of  Monro"  Is  iXM^lly  viaildo 
!Vi>m  \\w  meson. 

The  less  oxtont  of  tho  «lr/^w«wK  especially  of  its  nwtrutn  (rm.).  In 
some  human  brains  the  rostrum  does  not  («xtond  so  fitr  im  ia  uauall^* 
rt»prt»sontod.  • 

Tho  darker  spot  on  the  st»ction  of  the  hypophysis  n»pn»sent4»  the  s|>iuv 
occupied  by  tho  ontal  mass,  which  has  boon  nnnoved. 

The  Halations  of  the  pia  ari*  not  indicated  at  all,  and  are  not  well  under* 
stood,  especially  between  the  coivbollum  and  tho  metencophaUm  and 
uiesoncophalon« 

IM.ATK  111. 

With  tbo  exception  of  flff.  18,  all  tho  t\jjun»s  upon  this  plate  rt»present 
tho  natural  aurfiicoa  of  regions  which  aiv  more  or  less  completely  ctuii^eal* 
ed  by  other  imrtd  in  tho  undlssoclod  bmin. 
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Fig.  5. — The  cephalic  aspect  of  the  Prison cephalon  after  the  removal  of 
the  Lobi  olfactorii.    From  prep.  204.     EiUarged  two  diameters. 

The  hardened  brain  was  tninsected  at  the  FF.  jM^tica,  so  that  the  prejm- 
ration  includes  only  tlio  cephalic  two-thinls  of  the  prosencephalon. 

The  dmwing  rcpivsents  the  proimration  tilted  up  so  as  to  exjwso  the  ven- 
tral aspect  foreshortened. 

As  comimrt^d  with  flg.  0»  this  might  well  have  been  made  of  the  natural 
size.  A  less  regularly  symmetrical  bitvin  would  have  been  more  instructive. 
One  of  the  Crura  olfa^^torin  should  have  been  divided  at  a  little  grojUordis - 
tjince  fVtmi  the  proson. 

So  far  as  appeal's  in  the  figure,  the  fissures  are  remarkably  alike  upon 
the  two  sides  ;  the  left  F,  atmita  (M  <i;i.)  however,  only  the  meso-cephalic 
end  of  which  appears  in  the  figure,  presents  the  somewhat  unusual  but  very 
suggestive  condition  of  entire  independence  of  the  F.  hiteralU  (which  is  in- 
visible) and  the  F,  eoronalis  (^F,  cor.).  On  the  right  side  it  is  joined  by  the 
former  fissure. 

The  right  F.  ni/lviana  (F,  9.)  is  shorter  than  the  left,  and  presents  a 
slight  terminal  biftircntion  which  is  not  shown. 

In  consequence  of  the  removal  of  the  Lobi  olf<teUtrii,  and  the  tilting  of 
the  whole  prepan\tion,  so  much  of  the  F.  rhinali^  (F  rh.)  as  lies  cephalad 
of  Its  union  with  the  F,  ttuperorbitalis  (F.  *o.)  is  practically  obliterated,  and 
the  remainder  of  it  is  so  foreshortened  as  to  appear  as  an  insignificant  in- 
termediate portion  of  an  extensive  u-shaped  fissure  formed  by  the  FF.  ftyU 
Hana  {F.  «.)  and  sui^erorbitalis  {F.  so.).  The  appeamnces  thus  presented 
are  suggestive  in  view  of  the  idea  of  Meynert  (/,  13),  which  I  also  enter- 
tained at  one  time  (10,  235),  that  the  F  sufu^rorbitalh  repivsents  the  *' an- 
terior branch"  of  the  human  F.  s^lnatui,  and  that  the  intervening  imrt  of 
the  bn\in  corresponds  to  the  "operculum.** 

A  slight  preponderance  of  the  left  hemisphere  just  caudad  of  the  F.  syl- 
viana  is  somewhat  exaggenUed  in  the  figure,  and  the  Crura  olfaetori<i 
{Cr.  oL)  should  difler  less  in  form  and  in  their  distance  fVom  the  meson. 

The  FF.  o{fnetoriaf  (F.  ol)  appear  as  little  more  than  shallow  fiirrows. 

On  account  of  the  foreshortening  of  the  ventml  aspect,  the  line  of  sei>a- 
nUion  of  the  r\irtto  prominrn.^  (/^.  p.)  and'the  /^,  deprf^tm  (pt.  d.)  is  indis- 
tinct. The  LL  ht/poramjuv  (IJ.  hmp.)  on  each  side  has  been  flattened  by 
pressun\  and  Is  so  represented. 

Fig.  0. — ^The  caudal  aspect  of  the  Prosencephalon,  with  i>art  of  the 
Diencephalon,  after  the  removal  of  the  other  iwrts  of  the  brain. 

From  prep.  203,  an  adult  ? . 

The  dien.  has  been  transected  so  as  to  leave  a  concave  surfi\ce  which,  at 
the  meson,  is  close  to  the  caudal  bonier  of  the  medicommissun\  (wim.),  but 
rises  at  the  sides  so  as  to  coincide  nearly  with  the  caudal  surfUce  of  the 
prosencephalon. 

The  postcommissura  has  been  removed,  and  the  slender  transverse  band 
(Cs.  /<.).  Just  ventmd  of  the  ttplenium  (»p.)  is  the  ComtMssura  habenarum* 
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Had  the  postcommissura  been  left,  the  intervening  space  would  be  a  fora- 
men, Fm.  conariu 

The  shallow  depression  of  the  ventricaudal  surface  of  each  hemisphere 
just  laterad  ot  the  splenium,  represents  the  area  of  contact  of  the  opticus. 

The  cerebral  fissures  are  markedly  unsymmetrical,  and  thus  in  contrast 
with  those  of  fig.  5.  The  right  F.  postrhinalis  (F.  prh.)  is  the  longer,  and 
the  right  postsyUiana  (F.  ps.)  joins  the  F.  supersyUiaria,  although  the  place 
of  union  does  not  appear  in  the  figure.  On  the  contrary,  by  reason  of  the 
perspective,  it  seems  to  be  joined  by  the  F.  medilateralis  (F,  ml). 

The  LlLl.  hypocamparum  have  their  proper  rounded  form  in  this 
preparation. 

Part  of  the  diaccelia  (dc.)  appears  dorsad  of  the  medicommissura,  and 
part  on  its  ventral  side.  In  man,  the  commissure  is  smaller,  and  the  coelia 
coiTcspondingly  more  extensive.  On  account  of  the  removal  of  the  hy- 
pophysis and  infundibulum,  the  diacoelia  opens  freely  at  the  Fm,  itifutidi- 
huli  (Fm.  inf.). 

Fig.  7. — The  dorsal  aspect  of  the  Diencephalon  (thalami  and  genicu- 
lata),  and  of  the  Mesencephalon  (optici  and  postoptici). 

From  preps.  397  and  494,  adult  9  ?,  423,  a  nearly  adult  ?,  and  506. 
Enlarged  two  diameters. 

The  principal  features  of  this  figure  were  drawn  from  prep.  506.  The 
prepamtion  was  made  by  lifting  the  caudal  ends  of  the  hemispheres,  and 
gradually  separating  them,  with  the  callosum,  fornix  and  velum,  from  the 
subjacent  parts.  The  epen.  and  meten .  were  then  removed  by  a  transec- 
tion just  caudad  of  the  postoptici. 

The  valcula  (dd.)  was  torn  from  prep.  506,  so  it  is  drawn  as  it  appeared 
in  prep.  494,  after  inflation  by  blowing  air  from  the  diacoelia  through  the  y 

mesocoelia  or  iter. 

The  Commissurh  lidbenarum  (Cs.  h.)  is  really  more  distinct  in  prep.  39T 
than  appears  in  the  figure.  The  habense  (/i. ),  their  sulci  (SI.  h,)  and  the 
lines  of  reflection  of  the  endyma  are  taken  from  prep.  422,  and  their  dis- 
tinctness is  not  exaggerated  in  the  figure.  Their  morphical  significance  is 
to  be  noted  in  connection  with  the  general  question  of  coelian  circumscrip- 
tion.    Upon  this  point,  see  a  brief  note  in  **  Science"  {12^. 

The  complete  roof  of  the  diacoelia,  the  diatela  (dtl.),  is  shown  in  fig.  10. 

As  compared  with  the  homologous  parts  in  man,  the  feline  postoptici 
(pop.)  and  geniculata  (pgn  and  prgn.)  are  laj;ger,  while  the  tJmlami  (th.) 
seem  to  be  only  the  mesal  continuations  of  the  prcBgenieulata  (prgn. ),  and 
to  Jack  altogether  the  pulvinar  or  "posterior  tubercle  "  of  man.  V 

Fig.  8. — ^The  caudal  aspect  of  the  Mesencephalon,  with  parts  of  the 
adjoining  regions.     From  prep.  506. 

The  plane  of  transection  coincides  nearly  with  the  caudal  surface  of  the 
postoptici  {pop.),  and  has  divided  the  pons  (pn.)y  a  little  caudad  of  its 
middle.  The  valoula  (»o. )  was  torn  from  this  preparation,  and  the  line  of 
its  attachment  is  not  distinctly  shown.  Something  of  its  position  may  be 
judged  from  fig.  7.    The  caudal  orifice  of  the  iter  or  mesocoelia  (msc.)  is 
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shown  hero  as  a  nearly  n^gular  circular  spot ;  in  reality,  it  presents  a  slight 
mosal  extension  at  both  the  dorsi\l  and  ventral  sides.  Indeed,  when  care- 
fully examined,  (he  so-called  "aquieductus  sylvii**  is  farfVom  being  a  per- 
fectly simple  and  uniform  tube  ;  its  form  in  man  is  indicated  in  licichert's 
Hg.  81  (A,  ttif.  4).  Among  the  lower  mammals  it  is  usually  larger,  and  with 
the  lower  vertebrates  it  often  has  the  proportions  of  a  true  ca3Ut^  with 
lateral  extensions. 

The  citnbia  (ctnb.)  is  partly  seen  on  the  right.  The  getuetUata  {pgn,  and 
prgfi. )  do  not  project  as  far  as  they  should.  The  optici  are  wholly  hidden 
from  view  by  the  prominent  postoptici  (pop.). 

Fig.  0. — The  sinistral  aspect  of  the  Mesencephalon  and  Diencephalon. 
Prom  preps.  491  and  506,     Enlarged  two  diameters. 

The  only  cut  surface  shown  in  this  figure  is  that  caused  by  the  oblique 
tninsection  between  the  dien.  and  the  prosen. ;  the  plane  of  section  fol- 
lowed the  cephalic  bortier  of  the  IVactm  optictM  (TV.  op.),  and  corresponds 
with  the  tSttleiM  Umitnun  between  the  t?MlatmM  and  the  stritUum, 

Crossing  the  crew  (6V.  cb.)  just  caudad  of  the  po^tgeniculatum  (i)flr».)  is 
seen  the  ciinbid  {ctnb.). 

The  y<*mM  trochlears  (iVl  tr,)  had  been  removed  fVom  prep.  506,  and 
was  added  fVom  prep.  491, 

Upon  this  figure  should  appear  the  LemnUnift  m^Hirior  and  L,  if^^riory 
and  the  postbrachiutn  and  prmbrdehiutn,  provided  they  exist  in  the  cat  as 
distinct  parts  visible  at  the  surface.  I  have  not  been  able  to  satisfy  myself 
respecting  their  exact  position  and  limits  in  the  human  bn\in,  and  refVain 
from  expressing  any  opinion  concerning  them. 

Fig.  10. — The  dorsal  aspect  of  the  Diencephalon,  including  the  diatola. 
From  prep.  801,  a  half  grown  c^. 

Tlie  object  of  this  figure  is  to  show  the  existence  of  a  distinct  roqfoftfie 
fihciMi  independent  of  the  velum,  which  has  becui  removed.  This  duitda 
((//^)  presents  the  appearance  of  something  m(»re  than  the  lining  endyma, 
but  its  structure  has  not,  so  far  as  I  know,  been  examined.  The  darker 
triangular  area  at  the  cephalic  end  of  the  diatela  corresponds  with  the 
dcWiforttich  (ff/^/.). 

Fig.  11. — The  Area  cruralis,  with  part  of  the  iwns  and  of  the  Ar,  pit?- 
chiasmaticA.  Enlarged  two  diameters.  From  preps.  606,  425  (nearly 
adult  ^)  and  461  (,?). 

So  small  and  so  numerous  ^are  the  parts  shown  in  this  figure,  that  it 
should  have  been  yet  more*  enlarged. 

The  ftohi  tetnporalr^  have  been  divided  at  diflferent  levels  on  the  two 
sides.  From  tlie  right,  only  the  extremity,  or  lA.  AypoMiwprts  has  been 
removed,  and  the  section  of  the  tnrdicornu  (fnrw)  which  is  here  cut  very 
obliquely,  is  a  slightly  curved  space  completely  circumscribed  by  a  ner- 
vous wall.  Neither  in  the  cat,  nor — contrary  to  the  common  belief  and 
tlie  explicit  statement  in  Quain,  A,  II,  543,  544— in  man,  does  the  ritna  or 
**  great  tnins verse  fissure  "  extend  to  the  tip  of  the  medlcornu. 

Wlu're  the  LL  hyiyocamiHB  rests  against  the  Tr(ictu$  opticus  (TV.  op.). 
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there  is  usually  a  deep  notch  which  may  be  called  the  Ineisura  hypoc^^mpr 
(Inc.  hmp,). 

On  the  left  side,  the  hemisphere  was  dissected  off  so  as  to  leave  two  cut 
surfaces.  One  of  these  surfaces  is  plane  and  nearly  horizontal,  and  lies  at 
about  the  level  of  the  dorsal  end  of  the  postgeniculatum  {pgn.^.  The  other 
is  convex,  and  extends  from  the  cephalic  border  of  the  former  obliquely 
to  the  ventral  surface  of  the  brain  ;  it  corresponds  closely  with  the  cephalic 
border  of  the  Tr actus  opticus  (Tr.  op.). 

The  left  medicornu  is  cut  at  about  the  middle,  and  at  nearly  a  ri^ht 
angle  with  its  course  ;  hence  its  lumen  presents  its  characteristic  cresceotic 
section, .the  ental  boundary  being  the  convex  surface  of  the  hypoeampt 
{hmp.). 

The  cephalic  margin  of  the  medicornu  is  here  seen  to  reach  the  surface 
of  the  hemisphere  close  to  the  Tractus  opticus^  and  this  narrow  line  of  in- 
terruption of  the  true  nervous  wall  of  the  cornu  constitutes  the  rima.  The 
scale  upon  which  this  figure  was  drawn  did  not  permit  the  relations  of  the 
pia,  the  velum,  and  the  proplexus  to  be  shown,  and  the  undulations  of  the 
ectal  surface,  corresponding  with  the  FF.  hypocampcR  and  fimbrMB,  and  the 
fasciola  smd  finibria  are  hidden  by  the  projecting  postgeniculatum. 

Most  of  the  cephalic  portion  of  the  brain  has  been  removed,  but  the 
Portio  depressa  {Pt.  d.)  of  the  prceperforatus  is  seen,  with  part  of  the  Pt. 
prominens  {Pt.  p.).  The  removal  of  most  of  the  cMasma  (cA.)  exposes  the 
form  and  extent  of  the  Recessus  opticus  (R.  op.). 

The  pons  has  been  transected  obliquely,  and  its  caudal  portion  removed 
together  with  the  rest  of  the  epen.  and  the  metencephalon. 

The  left  Cms  {Or.  cb.)  is  seen  in  its  whole  length,  excepting  a  small 
part  concealed  by  the  slightly  projecting  cephalic  border  of  the  pons. 
The  well-marked  cimbia  {cmb.)  may  perhaps  be  regarded  as  the  boundary 
between  the  diencephalic  portion  of  the  cms  {Pt.  dien.)  and  the  mesen- 
cephalic portion  {Pt.  msen. ),  which  more  directly  supports  the  optiei  and 
postoptid;  in  man,  this  part  seems  to  be  almost  wholly  concealed  by  the 
pons. 

The  right  ^.  ocidomotorius  {^.  ocm.)  is  seen  to  emerge  from  the  cru> 
just  caudad  of  the  mesal  end  of  the  cimbia,  and  just  laterad  of  the  Sftlr»tM 
intercruralis  lateralis  (SI.  ic.  I.).  A  marked  longitudinal  ridge  of  the  crural 
fibres  separates  from  the  postgeniculatum  {pgn.)  the  depressed  area  which, 
from  its  forming  approximately  the  fourth  of  a  circle,  I  have  called  llie 
quadrans  {q.). 

The  albicantia  {abn)  are  more  closely  united  than  in  man,  bat  they  an* 
large,  white,  and  perfectly  distinguishable.  The  shallow  furrow  between 
them,  together  with  the  u-shaped  furrow  which  forms  their  cephalic 
boundary,  may  be  named  Sulcus  triradiatus  {SI.  trd.). 

The  hypophysis  has  been  removed  so  as  to  expose  the  Tuber  cirur^um 
{T.  cin.)y  and  the  thin  raised  margin  of  the  Fm,  infimdibuU  {Fm.  inf.). 

Just  caudad  of  the  albicantia,  and  partly  overhung  by  them,  is  a  small 
triangular  depressed  space  with  distinct  perforations ;  this  seems  to  be  the 
true  postperforatus  {ppf, ) . 
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The  entire  Arm  cruralis  may  bo  more  completely  exi>osed  by  removing 
the  cerebellum  and  dorsidiictinj;  the  medulla,  as  in  prep,  425. 

Fig.  12. — The  dorsal  aspect  of  the  Metencephalon  or  Medulla,  showing 
the  metatela  or  roof  of  the  metaca?lia.  From  prep.  897,  adult  ?,  464  and 
401. 

The  metatela  here  shown  is  apparently  Independent  of  the  pin  ;  like  the 
diatela  it  seems  to  consist  of  more  substantial  tissue  than  simply  endyma, 
but  I  am  not  aware  that  its  microscopic  structure  has  been  ascertained.  I 
am  in  doubt  respecting  the  precise  limits  and  attachments  of  the  metatela. 
and  the  form  and  location  of  the  **fon\menof  Magendic."  Hence  the 
figure  is  vague  and  unsatisfactory  upon  these  points. 

Fig.  13. — Part  of  an  oblique  transection  of  the  Prosencephalon  and 
Diencephalon  to  show  the  form  and  position  of  the  cn^Uu  From  prep.  441. 
Enlarged  two  diameters. 

The  bn\in  was  tn\nsectcd  obliquely  at  an  angle  of  about  45  degrees  with 
the  general  longitudinal  axis.  The  plane  of  section  passed  fVom  a  point 
nearly  dorsad  of  the  genu,  through  the  aula,  the  medicornua  and  the  albi- 
cantia.    The  figure  includes  only  a  part  of  the  caudal  asiwct  of  the  slice. 

The  dorsal  borders  of  the  hemispheres  are  divaricated  slightly,  and  the 
enlloaum  (d.)  is  seen  crossing  the  interval ;  the  slight  notch  on  each  side 
just  dorsad  of  the  callosum  is  the  F.  eaUosalia  {F*  r/.). 

The  atriata  («.  «.)  are  seen  in  section  just  ventrad  of  the  lateral  expan- 
sion of  the  callosum,  while  the  lower  part  of  the  figure  is  occupied  by  the 
thalami  (M),  united  by  the  tutdicommisaura  (mc9.).  Between  each  thala- 
mus and  the  corresponding  striatum  is  a  groove,  the  JSukus  Umitana 
iSl  li.). 

The  Golumnrfornkia  (C?/^./.)  are  divided  nearly  at  a  right  angle  with 
their  course,  and  at  a  point  just  dorsad  of  the  erisfa  (era.  /.),  which  is  par- 
ticularly well  shown  in  this  prepan\tion.  The  open  space  between  the 
fornix  and  the  thalami  is  the  aula  (a.),  and  on  each  side  are  the  porta  (j),) 
leading  into  the  2}roc(M9.    All  the  plexuses  have  been  removed. 

1»L.\TK   IV. 

Unlike  those  of  Plate  III,  all  of  the  figures  ujiou  this  plate  represent  cut 
surfaces,  although  some  naturtU  surfaces  i;re  shown  also. 

Fig.  14. — \  ventrlcaudal  view  of  the  fonif'A  whh  the  adjacent  parts. 
From  prep's.  507,  463  and  806  (adult  J^).     Enlarged  two  diameters. 

The  preparations  were  made  while  the  brain  was  fresh,  so  as  to  permit 
more  fiatteningof  tlie  hemispheres,  and  consequent  ex ik)su re  oftlie  fornix. 

After  the  removal  of  the  rhinen.,  meten.,  epen.  and  mesen.,  the  thalami 
and  geniculata  were  excavated  piecemeal,  so  as  not  to  injuro  or  displace 
the  fornix.  The  cut  surface  (a.)  at  eacli  side  of  the  fornix  (/*.)  is  the  plane 
of  division  of  the  dien.  fVom  the  striatum. 

The  cephalic  end  of  the  proscn  was  then  sliced  down  to  the  level  of  the 
prifcotntntaaum  (;)rr«.),  which  is  seen  to  send  a  distinct  fasciculus  towanl 
the  rhinen.  on  each  side.    Then  the  right  hemisphere  was  slicetl  obli(iuely 
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from  near  the  meson  dorso-laterad  bo  as  to  cut  the  medicornu  (mcu.)  and 
hypocampa  (hmp.)  at  about  the  middle  of  their  length.  On  the  left  side, 
the  L.  temporalis  was  allowed  to  fall  somewhat  by  its  own  weight  so  as  to 
expose  the  fornix  more  fully. 

The  velum  and  all  the  plexus  were  removed  so  as  to  display  the  peculiar 
markings  of  the  fornix  and  its  mesal  portion  which  is  supposed  to  repre- 
sent the  lyra  (ly.). 

The  porta  (p. )  appear  both  shorter  and  narrower  than  they  really  are,  on 
account  of  the  obliquity  of  their  planes  to  the  line  of  vision.  The 
V-shaped  line  called  7*ipa  (rp.)  which  connects  the  two  portae,  separates  the 
delta  (dlt.)  or  entoccelian  part  of  the  fornix  from  the  remaining  surface, 
which  is  wholly  outside  of  the  coelian  cavity.  The  delta  forms  the  roof  of 
the  aula,  the  cephalic  continuation  of  the  diaccelia  between  the  two  portse,  A 

and  the  ripa  is  the  line  of  reflection  of  the  endyma  upon  the  two  auli- 
plexu^ ;  the  removal  of  these  plexuses  causes  the  rupture  of  the  endyma 
along  the  ripa. 

At  each  side,  the  ripa  curves  dorsad  somewhat  sharply  so  as  to  reach  the 
dorsal  end  of  the  porta ;  at  this  point,  and  dorso-caudad  for  the  entire 
length  of  the  rim^  (r.),  the  endyma  is  simply  reflected  from  the  contiguous 
surfaces  of  the  fimhria  [fmh. )  and  the  corresponding  border  of  the  striatum. 
Hence  the  rima  is  virtually  closed,  and  thus  wholly  distinct  from  the  porta. 

On  the  meson,  between  the  portae,  is  seen  the  crista  (crs.  /.),  which  is 
unusually  rounded  in  this  preparation.  The  carina,  which  sometimes 
appears  as  a  slight  mesal  ridge  extending  dorso-caudad  from  the  crista, 
does  not  appear  in  this  preparation.  The  Recessus  aulm  {E.  a. )  is  the  cleft 
between  the  two  Columnce  fornicis  (Clm.  f.)  whose  cut  ends  are  seen  just 
CAudad  of  the  prsBCommissura.  The  shading  on  the  caudal  aspect  of  the 
columnse  indicates,  but  rather  too  distinctly,  a  slightly  depressed  area,  of 
which  the  dorsal  part,  close  to  the  crista,  sometimes  presents  the  appear- 
ance of  a  transverse  band,  for  which  I  suggest  the  name  Commissura  for- 
nicis  ( Cs.  f. ). 

After  &  prolonged  examination  of  many  preparations,  I  am  unable  to  de- 
fine accurately  the  limits  of  the  fornix  and  the  lyra  (ly.).  A  comparison  of 
the  accounts  given  in  standard  works  with  the  appearances  presented  by 
the  limited  materials  at  my  disposal,  leads  me  to  doubt  whether  the  rela- 
tive extent  of  the  two  parts  in  the  human  brain  is  well  determined. 

The  fasciola  (fscl.)  is  thick,  and  no  part  of  it  presents  the  denticulations 
from  which  its  more  ventral  portion,  in  man,  is  called  "fascia  dentata." 
The  peculiar  curve  of  the  hypocampa,  medicornu  and  fasciola  is  well  in- 
dicated by  the  fact  that  the  F.  hypocampoB  (F.  hmp.),  which  corresponds 
nearly  with  them  in  direction,  is  visible  in  this  preparation  only  at  its  two 
ends,  near  the  splenium  (sp.),  and  near  the  tip  of  the  LI.  hypocampoR  {LI.  ^ 
hmp.).  Between  the  fimbria  and  the  fasciola  is  a  depressed  line  which  may 
be  called  the  Fissura  firabrioB  (F.  fmh.). 

Fig.  15. — ^The  dorsal  aspect  of  the  proccdicB,  with  iheir  proplexus.  From 
prep.  465.     Natural  size. 
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The  especial  object  of  tliis  preparaliou  is  to  show  that,  in  the  cat,  no  part 
of  the  thnlannis  appean  in  the  proavfia,  Tlie  corobellum  (cbl.)  is  shown 
only  in  outline. 

Both  hemispheres  were  sliced  fVom  the  dorsum  to  the  level  of  the  inter- 
mediate part  of  the  callosmn  (cL),  This  laid  open  both  procopliw?  in  some 
dcRroe.  The  central  part  of  each  procoplia  is  sometimes  called  eeUa  media 
(eel.  m.).  The  right  medicornu  was  then  opened  to  the  tip  which,  how- 
ever, cannot  be  vscen  fVom  the  dorsal  side. 

The  floor  of  the  procojlia  is  seen  to  be  formed  by  the  striatum  («.),  the 
fornix  (f.),  and  the  hi/poeampa  (hmp.).  The  proplexus  have  been  turned 
in  opposite  directions  for  the  sake  of  showing  the  absence  of  any  interval 
between  the  fornix  and  hypocampa — or  the  fimbria  wiiich  forms  the  border 
of  tlie  latter — i\nd  the  striatum,  such  as  would  permit  the  appearance  of  the 
thalamus  in  tlic  proca»lia.  Whatever  may  be  the  case  in  man,  neither  in 
tlie  cat  nor  in  any  other  mammal  examined  by  me,  is  there  any  seimration 
of  the  borders  of  the  rima  more  than  will  permit  the  Intrusion  of  the  border 
of  the  velum  to  form  tlie  proplexus. 

It  is  commonly  stated  in  works  upon  human  anatomy  that  the  thalamus 
appears  in  the  •*  laten\l  ventricle,"  forming  jmrt  of  its  floor.  It  is  povssible 
that  the  narrowness  of  the  human  fornix  may  permit  this  to  occur ;  but 
the  part  of  the  thalamus  so  appearing  must  be  covered  by  endyma,  and 
should  be  so  described  in  contnidistinction  to  the  larger  i)ortion  of  its 
dorsal  aspect,  which  is  certainly  ectocoelian.  However  this  maybe  in  man. 
it  is  not  the  case  in  any  other  mammal  examined  by  me,  and  the  explicit 
statement  in  both  the  French  and  the  English  editions  of  Ohauveau's 
*'  Anatomy  of  domesticated  animals,'*  that  the  thalami  appear  in  the 
lateml  ventricles  in  the  horse,  ox,  pig  and  dog,  and,  by  implication,  all 
other  members  of  their  seveiY.l  groups,  should  not  be  accepted  without 
definite  descriptions  and  figures. 

Fig.  16.— From  preps.  435  and  498.    Enlarged  two  diametere. 
This  figure  shows  the  eontinttit^i/  of  the  proeo'Ua  icifh  the  rhinoea'lia,  and 
its  eommutiieation  through  the  porta  with  the  aula  and  diaeo'lia. 

Tlio  right  half  of  the  brain  was  tiiinsected  through  the  caudal  part  of  the 
medirommi^sura  {ines.).  A  slice  was  then  cut  ft*om  tlie  mesal  aspect  so  as 
to  include  i\\Q  genu.  This  exposed  the  prweornu  {preu.)  with  the  mesal 
aspect  of  the  striatum,  (s.),  the  t^/unoeo'lia  {rhe.),  and  the  relative  extent  of 
the  pes  (/>«.)»  ft^^l  the  pero  (po.)  of  the  Lobus  olfaetoHus.  A  hristle  was 
then  pavssed  through  the  porta  from  the  pra^cornu  into  the  aula  (<».).  Just 
voiitnul  of  the  bristle  are  the  priveommijisura  (pres.),  and  the  terma  {t.). 
The  latter  is  traced  distinctly  to  the  ehiasmn  {eh.),  so  that  the  cephalic 
wall  of  the  ctelian  cavity  is  complete.  The  deeper  shadow  just  dorsad  of 
the  chiasma  indicates  the  iiosition  of  the  Hreessusoptieus  (R.  op.). 

Just  dorsad  of  the  bristle,  \\\o  erista  {Crs.f)  is  seen  divided  upon  the 
meson,  and  continuous  with  the  Columna  fornieis  (Clm.f.).  The  indenta- 
tion between  the  crista  and  the  piwcommissun\  corresponds  with  the  Ee- 
cessus  aula*  (Ji,  a.).    The  triangular  ^rm  septalis  {Ar.  spt.)  between  the 
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fornix  and  the  callosum,  is  the  mesal  surface  of  the  right  half  of  *• 
Septum  lucidum  (Spt.  lu.)  and  is  in  contact  with  its  plateirop€  or  la'  r 
homologue  in  the  undissected  hrain.     The  thickness  of  the  lateral  lair'- 
constituting  the  septum  render  the  adjective  lucidum  wholly  inapplica' 

Fig.  17. — The  mesal  aspect  of  the  right  hemisphere,  with,  the  L« "  : 
olfactorius.     From  prep's  296  and  401. 

The  caudal  divisions  of  a  half-brain  were  removed,  and  the  thalar/ 
carefully  excavated  so  as  to  leave  undisturbed  the  fornix  (^.)  an«i  - 
fimbria  (fmb.).  In  this  respect,  this  figure  may  be  compared  with  *'- 
left  half  of  fig.  14. 

The  special  object  of  this  figure  is  to  show  the  F.  hypocamptF  (^.  A*,, 
in  its  whole  length  at  once.     So  great  is  the  curvature  of  the  parts  t 
this  is  possible  only  in  a  single  position  of  the  preparation  in  which  '' 
meson  is  foreshortened.    In  general,  this  figure  may  be  compared  wi*. 
those  given  by  Flower  (13)  of  the  rabbit  and  sheep. 

The  dorsal  end  of  the  F.  hypocampcB  is  seen  to  turn  sharply  around  •'..' 
splenium  (sp.),  so  as  to  become  continuous  with  the  F.  callosali4  {F.  f\ 
The  fasciola  (fscl.),  is  wide,  and  devoid  of  dcnticulations,  bnt  is  cm— 
obliquely  by  a  shallow  furrow.  In  this- position  of  the  preparation. 
F.  fimhricB  (F.fmb.),  appears  to  be  continuous  with  a  short  line  pa 
cephalad  to  a  point  ventrad  of  the  callosum  ;  in  reality,  however,  this  lst> 
line  is  only  one  of  the  markings  of  the  ventral  surface  of  the  fornix,  a' 
the  F.  fimbri€B,  like  the  F.  callosalis,  turns  sharply  dorso-caudad  to  tern, 
nate  just  cephalad  of  the  splenium. 

Fig.  18. — ^The  right  proccdia  seen  from  the  right  or  ectal  side.     Fr-: 
prep.  495. 

The  right  half  of  the  brain  was  removed  in  successive  slices  until  v.  . 
remained  was  about  3  mm.  thick.  The  remainder  of  the  striatum  t»  v 
then  everted  from  X\\eprmcomu  (jyrcu.).  The  proplexiis  (prpx)  is  slisrli''; 
displaced,  but  the  por^a  is  hidden  hy  the  portiplexus  {ppxJ).  Tlic  ni'. 
cornu  (mcu.)j  and  the  hypocampa  (Jimp.)^  are  shown  in  section,  and  h 
other  parts  will  be  readily  recognized.  The  relative  heights  of  th- 
opticus  (op,),  and  the  postotpicus  (pop.)  at  a  little  distance  from  *>\ 
meson  are  well  displayed.  The  short  curved  line  at  the  cephalo-ven'r. 
end  of  the  proccelia  represents  the  beginning  of  the  i)assage  to  the  rhin* 
coelia. 

Fig.  19. — The  left  prmcomu  B.nd  porta  exposed  from  the  left  or  er. 
side.     From  prep.  495. 

This  figure  represents  the  other  side  of  the  same  brain  as  that  fr  - 
which  Fig.   19  was  drawn.     The  preparation  was    made  in    the  <»•.■ 
way,  but  in  addition  the  proplexus  and  portiplexus  were  carefully  snipj" 
off  so  as  to  expose  the  porta. 

The  porta  (p.)  is  seen  to  open  between  the  Columnm  fomicis  (Clm,f.  r 
the  cephalic  end  of  the  thalamus  {th.).  The  orifice  would  appear  larc-  • 
the  preparation  had  been  so  placed  as  to  leave  its  plane  parallel  with '! 
picture -plane. 
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Tlie  membranes  could  not  be  sbown  well  on  so  small  a  scale.  In  this 
and  in  the  previous  figure  the  fornix  is  seen  to  be  continuous  with  the 
Septum  luHdum  (Spt  lu,)  which  forms  part  of  the  mesal  wall  of  the  |>r(!'- 
cornu. 

Fig.  30. — Transection  of  the  fornix  with  the  emta.    From  prep.  508. 

The  object  of  this  figure  is  to  show  the  decided  elevation  formed  by  the 
Crista  (Cr«.  /.).  Only  enough  of  the  rest  of  the  section  is  included  to 
locate  the  crista. 
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In  his  Report  for  1880,  as  Entomologist  of  the  U.  S.  Dept.  of  Asricallore, 
my  colleague.  Prof.  J.  Henry  Comstock,  expresses  (p.  281)  his  approval  of  most 
of  the  toponomioal  terms  proposed  in  the  present  paper  (p.  531)  and  employs 
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Stated  Meeting^  November  4)  1881. 

Present,  12  members  and  7  visitors. 

President,  Mr.  Fraley,  in  the  Chair. 

Mr.  Barbour  a  newly-elected  member  was  introduced  to  the 
President,  and  took  his  seat. 

Letters  accepting  membership  were  received  from  Mr. 
Charles  J.  Jones,  Jr.,  dated  Augusta,  Georgia,  October  26; 
from  Mr.  Jedediah  Hotchkiss,  dated  Staunton,  Virginia,  Octo- 
ber 31 ;  from  Prof.  C.  L.  Doolittle,  dated  South  Bethlehem, 
Pennsylvania,  October  28,  and  from  Prof.  Mansfield  Merriman, 
dated  Bethlehem,  Pennsylvania,  October  25. 

Letters  of  acknowledorment  were  received  from  the  Physical 
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Society,  Berlin  (103-105);  the  K.  L.  C.  German  Academy, 
Halle  (sets  of  Transactions  and  Proceedings) ;  the  Prague^ 
Observatory  (XVIII,  107) ;  Offenbach  Verein  (XVIII,  107) ; 
Physical  Society,  Geneva  (102-105);  Swiss  Society,  Bern 
(102-105) ;  Koyal  Society,  Luxembourg  (103-105,  106,  107, 
List) ;  Koyal  Society,  London  (105,  106,  List) ;  Victoria  Insti- 
tute (107, 108) ;  Literary  and  Philosophical  Society,  Liverpool 
(106,  List). 

Letters  of  envoy  were  received  from  the  Physical  Society, 
Berlin ;  Saxon  Society,  Leipsig ;  L.  0.  Academy,  Halle ;  Swiss 
Society,  Bern;  Physical  Society,  Geneva,  Muf6o  Guimet, 
Lyons;  Zoological  Society,  Paris;  Geological  Survey  of 
India ;  and  Department  of  the  Interior,  Washington. 

Donations  to  the  Library  were  received  from  the  Academies 
at  Hallo  and  Brussels;  the  Com.  Geog.  Society,  Bordeaux; 
Annales  des  Mines ;  Revue  Politique ;  London  Royal,  Zoologi- 
cal, Geographical,  Geological,  Meteorological  and  Asiatic  So- 
cieties, and  Nature;  Mr.  Sanford  Fleming;  the  Canadian 
Journal ;  Dr.  Green  of  Groton ;  Silliman's  Journal ;  New 
Jersey  Historical  Society;  Medical  News;  A.  R.  Spofford .of 
Baltimore,  and  the  U.  S.  Department  of  the  Interior. 

Dr.  Ruschenberger  declined  by  letter  his  appointment  to 
prepare  an  obituary  notice  of  the  late  Dr.  B.  H.  Coates,  on 
account  of  his  engagements. 

Dr.  Brinton  communicated  by  letter  a  paper  "  On  the  names 
of  the  gods  in  the  Kiche  myths,"  the  reading  of  which  was 
postponed  to  the  next  meeting. 

**Tho  paper  is  an  exegotical  study  of  the  celebrated  myth  of  the  Kiche 
tribe  of  Guatemala,  known  as  Popol  Vii?i^  or  National  Book.  Tlie  original 
dates  from  the  latter  half  of  the  XVI  century,  and  was  first  published  in 
Paris  by  the  Abb6  Bnisseur  de  Bourbourg  in  1861.  The  facilities  I  have 
had  for  its  study  have  been  principally  the  MSS.  grammars  and  diction- 
aries of  the  Guatemalan  tongues  presented  to  the  Society  by  Selior 
Mariano  Galvez,  President  of  Guatemala,  in  1836.  Their  use  has  thrown 
new  and  important  light  on  the  significance  and  character  of  this  myth  ; 
and,  as  these  MSS.  have  never  been  published,  I  have  given  numerous 
full  extracts  from  them.  The  treasures  of  the  Library  of  the  Society  will 
thus  be  brought  to  the  knowledge  of  students." 

PROO.  AMBR.  FHILOS.  SOC.  XIX.  109.  8S.     FRIITTED  DEC.  81,  1881. 
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rwulin^i  ofwhiv^lt  was  jhv^!|hmuhI  to  tho  no\l  nuvtin^i.* 

luanuor  autl  tvsultsorUis  ivvvnl  ovplonuion  of  tho  n\or  lWm\ 
i\\\x\  iho  l\itl\iMMv>  u\uAplot\Hl  iViiious  of  lU^Uvin,  hiuij  to  TtnO 
,voutl\  woM  \M'  tl\o  nuhwul  now  Iving  h\\\\\  «lonii>iido  \>f  «ho 
r;\piils  of  tl\o  M:»iloiri»  ri\or» 

rixorUmMijih  iho  >jn\u  |><Mi\>ilu;UI\  huuuUuiM  i^Ulnr^  wlUoh  ^^irvioU  Ivt^- 
uxrou  \\\v  o;»M  |\>,^  \\\\U  ol  Iho  AihUv^  «ml  llio  i\umu\I«^Ui.h  ^\f  Uir>i^iU  ^lo>^u 
\\s  \\^  \\\\\\\\\^\\  \\\\\\  tho  MiUU\M'^)  ^^Mmh)):^  IV\mu  \\w  ^^^\\\\\^  to  tx\nu  iW 

Ho  ovhibiUHt  wNo  m  in^Hj^uM  iua|>  of  Iho  »«lor  *Y?4lom  of  tW  ViH'^r 
Mrtilolm  \\«uo<x  ,uul  tlosorilHHt  ^ho\^\r^^vUon*  mnvA^s^r^x  \\\  W  i«A\lo  \xh  \\\^ 
put^U^hiM  mrt|v^  ol  UoUnU, 

Uo  tlo^onl^M  Iho  >;iM  Umv>Ia  of  rut^l^or  «iui  llnuU  w«t  irx>t>*— ^rtvc^?^  %mi' 
*^K>'  hoivihl  whon  «i:Uim*    Iho  )vuu)v«s  Ho«uiorxM  ox  or  with  ^hnUv^  Uko  *mr 
M  ruh  tvik**    Iho  ohjinnol  of  iho  Ho  no.  Ttir^iitsrhl  hj^  «  \vhoh\  but  toinuxH^*  m 
^Irii^iU  >xi;h  rtUuxUt  t^uxK'*.  rthoul  %H>  ftvl  hijrh*  ox  or  or  Um^ujth  xxUkU, 
oxrrx  xo;u\  Iho  iuun»huio«  ?»|m»iuUoYor  ihoxxhoU*  tvuwirx,  h\^\h\^  h^T> 
{uul  ihrtv  .Irx  s^mmn  Oh  xxhMi  Iho  \\k^\9\\  \\\\\  ^x\\\\>    Iho  soUlarv  oK<«ii%  > 
10  u:ixir;Mi»MU  in  Iho  shrtin^  of  Unv  jrnoKxoM  r^vks  «oi  fj^r^^Wxxx^  h*  Jiuwc 
lion  with  Iho  >U^hMnt    <uul  Iho  iNvmmorxv  \\\  ^A\\,  ^Wwr,  w|x|^*r,  lUi,  ^>in< 
\\^\\Vi\  <\y\^i\s  \^\\\\\a.  o;*o«u  h\Mu\  Unuil  nnix,  o;Uih\  vVx^ .  xxhix-'h  xxUi  t«nX*I^< 
\l;n   Uou\Kh.  hx'  iho  imlunU  r^mlo  of  Iho  Uoiu\  >Uv)oirA  »uU  AuM^x^^x 
oprnin»i  up  HoUxia  lo  iho  olxiU?<M  \xorht 

For  SiM  nuh^Hiho  Uono  i>  «jixip^hh\  wiihtMii  (nlorm(xihxit,hv  ^k^auxKxaiv 
ttnoxin)^  A  fivi  of  xxsuor. 

Or,  Uo;»',h  ttoM  riKsl  Iho  xariou'*  uIK^h  of  Iho  <»M«lrx  ;  owOk  **  viUH<>  ;«^< 
Kn\>\|v:<nv  «nil  ^noit^or  n\hUoi<M  lo  onunUxiUinm.  «w*^  jfifw^ily  xirtNAU^sl 
{ilontf  Iho  rixor»  \xn  «uH\ninl  of  ihoir  <x*Vi»^ion«l  r»uU  for  iho  jxi^rivv^-  ^s^T 
MvnOnji  xioiimr^v  NoijihK^rinjr  iritn^s  priv'ionl  Iho  uuvM  ^tixorses^  <^ok^  1^ 
ono  Oisuloi  A  iriW*  of  sinnU  mon  M^^ioln  «  iHIh»  of  xory  I^H  iNiU  K>»Ixn^ 
nun,  an\l  no\i  lo  iho<o  Uxoa  uiU^  of  l«U»  im^itfrt*  «mi  ort<Uxo\>x«*  ukx> 
AM  HuxMi*  of  ihoso  irit^os  >|^\>»k  \llrtorx>«i  UnjuWjixw.  I>r.  Uo«»lU  iuiotuU  isx 
inako  t^  \s\n\^x:inMixo  ^u^h  of  hi'i  wpious  Unji^nisiio  noios. 

\\\^  oxhIhiitM  jioxo^-iO  sIuhM'^  on  \\  hioh  xxoiv  Wt*  xlrnxx  hi^  of  *^\iw^  *xf  nW 
vorx  nnnuMxxuA  sxinKxK  or  |Moi«ro  \xriiinjr»  whioh  hs^xt*  ^vi>ow  <wt  Kx  ^ 
xtopih  of  aNmii  An  inoh.  |xrxxKihlx  hy  iho  «r^"hil»vlww\  r«w  of  l>i$\v  ;fc^>\ 
Uio  Tiiioaoi^.  xxn  wW  ihoixvks  U\  nn^l  silonj^iuh^  of  Iho  rUt»r  oh?iinwoK  i*^  ^>i< 
tli^iHoi  Aixxuihl  Iho  jri-x^iU  fork*  of  Iho  M;uloirH.     !lo  WUox^^l  lUow*  Uwv^^^^ 

♦  Thi»  |Vf^^<Mr  xrUl  Ih^  i^rlnlo^l  In  Vol.  xt*  N\v  lit 
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tioas  lo  relate  to  the  navigation  of  the  river,  bcci\use  of  their  situations 
above,  below  or  at  the  water  level,  v  during  the  various  stages  of  low. 
middle  or  high  water.  Wlierever  they  occurred  at  dangerous  points,  he 
noticed  that  duplicates  wore  cut  so  as  to  face  both  descending  and  ascend- 
ing boats,  and  the  relation  of  certain  marks  to  safe  low  water  at  such  and 
such  a  point  was  evident. 

It  is  probable  then  that  the  Bene  was  used  in  the  pre-Spanish  age  by 
the  race  which  has  left  its  noble  monuments  not  only  on  the  plateau  be- 
tween the  two  Andean  ranges,  but  in  the  ravines  by  which  the  head 
waters  and  bmnches  of  the  Madre  de  Dios  and  Bene  descend  into  the 
plain.  He  could  not  And,  nor  hear  of,  any  architectural  remains  on  the 
plain  itself;  but  ho  was  informed  that  a  "fort"  stood  on  an  island  in  a 
lake  which  occupies  part  of  the  triangle  between  tlie  Bene  on  the  north- 
west and  the  Mamora  on  the  east. 

The  plain  itself  is  astonishingly  level,  the  upper  reaches  of  the  Bene 
being  only  000  or  700  feet  above  sea  level.  [In  giving  his  own  exact  de- 
termination from  observations  with  the  mercurial  barometer  (and  supple- 
mentary aneroids)  extended  through  three  years  at  El  Paz,  he  remarked 
on  the  falsity  of  former  determinations  made  during  transient  stops  in 
the  country ;  one  well  known  point  being  put  variously  fix)m  170  feet  be- 
Unt,  to  1700  feet  above  tide.  This  he  explained  was  due  to  the  fact  that 
while  the  mercurial  column  is  not  subject  to  ordinary  fluctuations,  and 
seems  for  weeks  at  a  time  to  be  quite  or  almost  stationary,  there  is  really 
a  steady  cyclical  rise  for  six  months,  and  a  corresponding  steady  fall  for 
the  other  six  months  of  each  year,  and  this  must  be  taken  as  the  basis  of 
all  meterological  and  hypsometrical  investigations]. 

Dr.  Heath  then  described  in  a  geneml  way  the  zoological  features  of  the 
region  ;  the  abundance  of  (harmless)  alligators  in  the  rivers  ;  the  absence 
of  snakes  from  the  forest  plain  of  inundation,  and  their  presence  along  the 
margin  of  the  dry  districts  ;  the  wasp-like  severity  of  the  bite  of  tho  ticks 
in  the  forests ;  the  irritation  produced  by  the  abundance  of  parasitic  in- 
sectvS  on  the  pampas  ;  the  incredible  abundance  of  bats  in  the  houses,  and 
their  thirst  for  animal  and  human  blood ;  the  numerous  species  of 
monkeys  ;  the  large  size  of  the  cattle  of  the  country  south  of  the  Bolivian 
(east  and  west)  divide  ;  the  change  in  the  voices  of  bii*ds  fVoni  harsh  in  the 
mountain  regions  to  melodious  on  the  plain  ;  the  anvil  bird  (tree  toadY)  ; 
tho  organ  binl  with  its  diatonic  scale  of  eight  ascending  notes  ;  the  change 
of  the  plumage  of  paroquets  from  brilliant  varied  hues  in  the  northern  dis- 
tricts, to  a  genenvl  pale  green  in  the  southern  ;  the  abundance  of  struthious 
birds,  and  the  incredible  quantity  of  ant  hills  in  the  dry  country. 

After  various  questions  asked  l)v  tlio  nicinbers  and  visitors 
present,  and  answered  by  l^r.  Heath,  it  was,  on  motion 

liesolted,  That  tlio  thanks  of  the  Society  bo  tendered  to  Dr.  Heath  for 
his  very  interesting  and  important  communication. 
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Prof,  rimsi>  thou  mado  n  short  ooti^mnnioatioi\,  placing  ilata 
on  the  WaoklH>anl,  to  Mipport  a  furthor  onlargomont  of  tho 
rango  of  applications  of  his  j>hoto<lynainic  theory  to  imtural 
}>hcnornona ;  — aiul  the  mooting  was  adjo\irnod. 


Pivsont,  11  mon^lHMx 
Prosiilont,  Mr.  Fuakkv,  in  the  Chair. 

Mr.  Sharploss  aoooptod  niotnhcrship  by  letter,  tlatod  Wa^t 
(Miostor,  OotoWrlii),  IvSvSl. 

Tho  Cincinnati  Observatory  acknowledged  ivceipt  of  Prv^ 
ooedinji>»  No.  108. 

The  Chapnltcpcc  Observatory  of  Mexico  nvpiesting  ox- 
ohan^cs,  was  placed  on  the  list  of  correspondents  to  receive  the 
l*roccedin>i>5  regularly. 

DoiuUions  for  the  Library  wen^  ivceived  from  the  Koval  So- 
ciety  ol  Tasmania;  the  (hv)louical  Survey  of  India;  Imperial 
Academy  at  St.  Petersburg;  (U^Muan  (KH)logical  Society  and 
Society  of  Physics,  Berlin;  Natural  Science  Union,  Hn>mon; 
Neues  Lausit/.isches  Maua/.in,  (U)rlit/. ;  Hoyal  Saxtm  Society, 
Filt^stliche  •lablonowskischen  (Icsellschaft,  ami  ZoologisiOier 
An/ciger,  licijxsig;  l^oyal  (Irand  Ducal  Institute,  Luxen\» 
lH)urg;  Society  of  Physios,  Ocneva;  Vaudoisi^  Society,  1«hu- 
sanne;  Swiss  Society;  Anthropological  Society,  Zoologii-uU 
Society,  and  Kevue  Politique,  Paris;  Uevista  Kuskara,  Pam- 
plona; Nat\ire,  liOndoti;  Hoyal  Irish  Academy,  Dublin; 
Kssex  Institute,  Salem;  Hoston  Natural  History  Society; 
Museum  of  Comparative  Zoology,  Cambridgt>;  Mr.  Aug,  K, 
Orote,  IbiiValo;  Pharmaceuti(*al  Asstnuation,  Historical  So* 
ciety,  Frat\klit\  Institute,  ami  tho  Kditor  of  the  An\erioau 
News,  Philadelphia;  Department  of  tho  Interior,  and  \V.  •!. 
HolVn\an,  M.  D.,  Washington;  Astrotu>mioal  Ol)Si>rvAtory  of 
Chapultepec;  Ge()graphical  and  Statistical  Society;  Kditoi^ot 
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tlie  Rovista  Mcnsual  Climatologica,  and  the  Ilovista  Cientifica 
Mexicana,  and  the  Ministorio  de  P'omonto^  Mexico. 

An  obituary  notice  of  the  late  Wm.  E.  DuBois,  was,  by  ap- 
pointment, read  by  Mr.  Robert  Patterson.* 

Dr.  Brinton  explained  to  the  Society  the  substance  of  his 
paper  on  the  Gods  in  the  Kich6  Myth,  the  Popol  Vuh. 

Mr.  Lesley  read  Dr.  Newberry ^s  paper  on  the  Origin  of  the 
Lake  Basins,  and  then  remarked  on  the  relation  of  Dr.  New- 
berry^s  claims  to  Prof.  Spencer's  discoveries  and  views.f 

Mr.  Lesley  gave  a  short  sketch  of  the  history  and  progress 
of  the  excavations  at  Assos  during  the  last  few  months,  \mder 
the  auspices  of  the  Boston  Archaeological  Society,  as  he 
obtained  it  in  conversations  with  Prof.  W.  R.  Ware  of  Colum- 
bia College, 

The  minutes  of  the  last  meeting  of  the  Board  of  Officers  and 
members  in  Council  were  read,  and  the  consideration  of  the 
resolution  therein  was  postponed  for  the  next  meeting. 

Certain  valuable  manuscripts  were  ordered,  on  motion  of 
Dr.  Brinton,  to  be  placed  by  the  Library  Committee  in  the 
custody  of  the  Fidelity  for  safe  keeping. 

Pending  nomination  No.  OSo,  and  new  nominations  Nos. 
9-16  to  950  were  read,  and  the  meeting  was  adjourned. 


Photodifnamic  NoteB,  IV.    By  PHny  EarU  Chase,  LL,D. 

(Read  bifore  tho  Ainencmi  Philo%op?Ucal  Society,  I^'&vember  4,  ISSl.) 

91.  Photodynamtc  Deterimnation  of  Sun* 8  Aftns  and  Distance, 

In  Notes  5  and  23, 1  oatimatod  Sun's  mass  both  ttoui  projectile  and  fVom 
Bimplc  oscinatory  considenulons.  In  the  former  note  I  deduced  the  dis- 
tance flY)m  an  assumed  solar  density,  instead  of  taking  the  ratio  of  varia- 
bUity  (2*  OC  w^.  My  conviction  of  the  importance  of  Fourier's  theorem 
has  been  strengthened  by  further  study,  and  I  accordingly  give,  in  the 
present  note,  the  coordinate  photodynamic  elements  which  may  be  simply 
deduced  fh)m  it. 

If  wo  regard  the  luminiferous  wthor  as  a  nebulous  elastic  atmosphere, 
and  the  solar  system  as  a  partially  condensed  nebula,  the  nebula  is  not 
homogeneous.    It  contains,  in  addition  to  various  subordinate  and  com- 

*  ThlH  paper  will  be  printed  In  Vol.  xx,  No,  Ul. 

t  Dr.  Newberry'M  paper  will  bo  printed  la  Vol.  xx,  No.  111. 
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l»nuively  iinim]H)rtAnt  nuolol,  two  prinrtiHil  and  ci^ntroHlnj;  uueUn  of 
lU'rtrly  ot|iirtl  Uenslty,  vl/.. :  Sun.  at  Uu»  princii^il  ooutrt*  of  iiudeation.  ami 
Jupttrr  At  tht»  mean  iiobular  ooiitn*  Ih»1\voou  I'nuius  fttu|H>jovo.  ami  Nep- 
tune at  lHT|j*>VO. 

The  aeilons  and  rt^aetlon?*  between  these  ivntrollinjr  nuetel  have  pn^lueeil 
an  intermediate  maximum  auidensiition  in  the  belt  of  dense  planets^  with 
a  pHneiiml  nuws,  Earth,  near  the  eentre  of  the  belt.  The  sohir  radiations 
are  pn>i»as:j4ted  witli  the  veUn^il y  of  liijht,  fj^.     If  we  designate  Karth*s  mai>* 

by  nty  the  aetions  and  n»aetion.^  of  piiotiHlynamie  rw  f#V<i  at  the  eentre  ot 
density,  ut^  r^,  prtnluee  irmvit^vting  tendeneies  towanls  the  linear  cent  re  ol 

>rn*vhy  (U.  the  ivntrt*  of  linear  ivsrilhuion  (,4>.  and  the  eentrt*  of  eonietil 
oseiUatii>n  ({\  ^wliieh  vary  as  the  fourth  i>ower*  of  the  tendeneies  to  or- 
bital veloeity.  These  temleneies  art^  all  stuistled  by  a  rtnietinjj  mass,  w, :  : 
(i  X  it  X  J>*  "*„  •  =  iM*-'a  **<'  Sun's  mass.  The  photodynamie  ehanieter 
of  theoseillatory  rw  ricit  at  the  eentre  of  eondenstition  is  shown  by  the  fol- 
1  o w  I n g  prt>iH)rt  ions : 


(t) 

»^r,«  :  m,(<j^«  ;  :  m^r^*  :  Wji«,» 

(2) 

f/,       :  <•.        :  :  •".        =  ^ 

(!») 

*",*     :  f»        :••<>»        :  l>. 

In  these  prt>|H>rtions  m^,  is  taken  as  the  unit  of  mass  ;  Jupiter*s  mass,  m^  : 
1  iMtSt9  J  ♦'^  •  •  *>rhital  veUn^ity  at  eentrt*  of  tnuulenstUion  ;  r,,  is  a  meau  pro- 
)H)rtional  InMweeu  r^  and  r^  ;  ;\.  =^  nUio  of  mean  phot tnly  nam ie  pnv|eetiiu\ 

of  Sun's  eentn^  fhuu  the  eentre  of  gravity  ot  Sun  and  Jupiter.  Sun's  seml« 
iliameter  beinsr  the  unit ;  ;»,  -  nu'an  photodynamie  im^jeetion  of  the 
ivntiv  of  (Huulens^uion  fix>m  Karth's  semi  axis  major  as  a  unit ;  these  pn>- 
jeotii>ns.  like  the  srmvitalinj;  tendeneies,  vary  as  the  fourth  i>ower  of  orbital 
veloeilv. 
If  we  take  t^^  =  -  407.8*^7  sea>nds,  and  j/  ■  :  8*^.1>88  feet,  the  alH>ve  prt*|H>r« 

tions  give 

fj^-r      t8(UW1.4       miles:  : 

r^  :  =         1841.017      ••     -^ 

f    n-  18.185         »♦       li 

r,  :-=  18.471V5    «•      =' 

^^:zz  1.0158(10. 

;\,  :  t  l.lXMDO.f 

^,,  ..:  tVi78,^700  miles  =  1 

fo  - :    4;W574,9       •*     zr     otttiuaa 

Sun's  iwrallax     .- 8".80tU. 
t  SttM>k\voira  esttmato  {HfMithsoHian  (hnMh,^  2!U,  p.  SS\  la  ,qs  ^Iraa  -"  IMkS:  r«. 


900«4;l5 

kilometrt^s. 

:iU(W.75 

•« 

at).  4(15 

if 

a\).75» 

«« 

JV^OOOO 

kilometers. 
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9d.  fMtaU  llMt  of  Stiktm. 

The  maiutciiAncc  of  tho  prhnitivo  velocity  of  umhilation  Is  oxomplirtod 
in  tho  relation  between  tlie  pmjeclilc  enorjrv  of  ovai>omtiou  and  the  energy 

of  solar  rotation,    Tho  equatorial  velocity  of  solar  rotation  is     ' "  '\    Tho 

mean  n)tating  velocity  of  the  locus  of  tho  centn^  of  gnwity  of  Sun  and 

Jupiter  is,  then^fore,  Tp  r^   '*  -* "  *.    Tho  centre  of  gravity  itself  does  not 

nutate,  but  its  action  proiluces  anhertnvl  photmlynamic  undulations,  which 
are  prt>i>iig?ited  with  the  velocity  r  ,  which  m  tquicaknt  to  (hi^  proJ<rti(<'  iy- 

Uh'ify  of  rr<ipt)ni/i<»;^  f ^ ; 

%  ^  ^• 

This  equation  is  so  imiK)rtant  that  It  may  be  well  to  give  the  calculation 
in  MX : 
'Wo  ->-  wh  -  ^  (^3  X  8  X  4)*  ~  ;W177C  5.5^^1X^4.50 

1  year  =  ai558U9  setH>nds  =  t^  7.4091 1 15 

r,  =  3  ^  yj'^  •  ^  '^^;fV^  "!"'^'  ^  5073.0  seconds  8.7(VVn58 

^  ^  g^-z  as.tW  teet 

y   =/)j-:-rj=^f»*"*«V  :'=  28414.3  4.a(m788 

/)8  :  -  y  r,  •:  l)3.785.7tX)  miles  7.0(174810 

To  =  r^  --  i»s  ■:-  497.837  =*=  18lUV^1.4  miles  5.3704035 

;),  =  1,015800  .OOtWatU 

p^  z=  /»,*  :-=:  I.M409  .0378455 

Pi  -'  -  (i»»w«  J-  wO  '•q  =  l.^HUOO  X  1047.879  r^  -*=  1115.98  r^  a.047(W»00 

n  =-^)5-:- 5.303790  r,  '=314.496  2:85114197 

r^  :i=  p^  .•-  n  i=  4a3574.9  miles  5.0800018 

V^^;^,  =  3  -w^  r«  ~i-  ^  ^  370.557  miles  3.4833593 

.•.!»"=»=  r,  --t  1.81405  miles  .1180118 

Prom  this  equation  tho  latent  heat  of  steam,  0*  can  bo  nnullly  found,  by 
the  equations  ^ 

^=  \  3i/A 

A 
^  "  15189.0 
Solving  these  equations  we  get 

A  =S=  143.1HU  miles  . * :  75(X)98  feet  5.8751 178 

0  ^  55UR794  C  9.7833380 

The  following  values  of  0  have  been  deduced  experimentally  : 

Favrt^  and  Silbermann  55^"^,  77 

Andivws  5;iV\90 

Kegnault  55UV\07 

Tvndttll  5517^\30 

Despivtz  54t>^\00 

Dulong  548^00 
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93.  Internal  Energy  of  Ice. 

According  to  the  kinetic  theory  of  gases,  the  internal  movements  of  the 
particles  of  steam  are  rectilinear,  representing  a  total  m  viva  of  projection, 
against  the  uniform  resistance  of  gravity,  of  about  ^  X  1389.6  0  feet  == 

189.42  miles.  "While  the  steam  is  condensed  in  the  form  of  water  or  ice, 
the  internal  energies  tend  to  maintain  a  spherical  figure.  The  resultant 
oscillations  (Note  23),  can  therefore  be  represented  by  a  conical  pendu- 
lum of  \  the  height  of  total  projection,  or  J  of  the  projectile  ms  vita  of 
evaporation.  This  gives,  for  the  virtual  fall  from  incipient  ebullition  to 
total  congelation,  ^  =  J  A  =  47.355  miles  =  250033  feet ;  and  for  the 
heat  of  sphericity  ^j  =  J  ^  =  1790.931  C.     Deducting  lOOO  for  the  expan-  I 

sion  from  the  freezing  to  the  boiling  point,  we  have  790.931  for  the  **  latent  \ 

heat "  of  ice,  or  the  heat  which  is  required  to  overcome  its  internal  energy.  ^ 

The  following  values  have  been  deduced  experimentally  :  | 

Desains  and  De  la  Provostaye  790.25 

Black  790.44 

Person  80°.  00 

Hess  800.34 

94.  Photodynamic  Moment  of  Inertia. 

Much  of  the  difficulty  which  has  been  encountered  in  trying  to  recon- 
cile the  nebular  hypothesis  with  actual  planetary  arrangements,  has  arisen 
from  overlooking  the  difference  between  nucleal  retardation  and  free 
orbital  revolution.  Herschel's  doctrine  of  "subsidence"  removes  this 
difficulty,  and  an  examination  of  the  primitive  planetary  belt,  before  any 
of  its  successive  divisions  into  asteroidal  and  intra-asteroidal  belts,  two- 
planet  belts,  and  single-planet  belts,  shows  the  photodynamic  infiuence 
in  a  very  striking  manner.  The  limit  of  photodynamic  nucleal  rotation  is 
in  the  asteroidal  belt ;  the  photodynamic  limit  of  "subsidence  "  rotation  l* 
at  the  solar  modulus  of  light.  I  have  often  shown*  that  Saturn  represents 
the  photodynamic  centre  of  inertial  moment ;  in  the  division  of  inertia 
among  the  several  belts,  provision  has  been  made  for  the  change  of 
linear  into  synchronous  conical  oscillations  (4  :  1)  ;  for  the  change  of 

synchronous  into  orbital  oscillations  {t  oc  l^)  \  for  the  ratio  of  nebular 
radii  to  radii  of  subsidence-collision  (|) ;  and  for  the  relative  variability 
of  centripetal  and  orbital  tendencies,  {g  oc  V)*     Hence  we  find 

4^  X  (i)*  y,  M^'.m^::V^i  d. 

Substituting  the  values  of  T^  and  «j,  (Note  92)  we  get 

M^  =  3502.2  m^. 
Bessel's  estimate  was  3501.6. 

95.  Photodynamic  Centres  of  Oramty. 

An  interesting  approximation  is  shown  by  the  ratio 

3»  X  5  X  i!fo  :  »»6  -  ^o  •  «^a- 
•  Note  12 ;  ante,  xvili,  431 ;  et  al. 
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The  ratio  of  the  foregoing  note  ma}'^  be  expressed  as  follows : 

Combining  these  ratios  we  got 

8  mj  =  10  in,. 

Tlie  repetition  of  tlio  pendulum-ratio,  and  the  simplicity  of  the  har- 
monic factors  make  tlieso  ratios  so  suggestive  that  tliey  seem  worthy  of 
turthor  study. 

96.   Unkenal  Kni^rgy  qf  Light 

It  may  be  well  to  state  the  princi^ml  fiicts  which  are  embodied  in  notes 
90-05,  in  such  a  way  as  to  show  more  clearly  the  simplicity  of  the  rela- 
tions of  the  several  physlaU  velocities  to  the  velocity  of  solar  radiation. 


1. 


2. 


8. 


t 


r  -  #^  « 


^^=-=vx 


5. 
6. 


f ^  =  f^  (Note  93) 

«A  "  ^«  'o- 

In  these  equations,  r^.:2  velocity  of  equatorial  rotation  which  Sun  would 

have  If  It  wort*  expanded  to  the  locus  t)f  a  jmrtlcle  which  revolves  with  the  cir- 
cular-orbital velocity  f^  ;  by  the  law  of  conservation  of  areas  r^  varies  in- 
versely aa  radius,  while  t>^  varies  Inversely  as  the  square  root  of  nullus ; 
fj  =:;  Earth's  orbital  velocity. 
If  we  assume  Af^  —  a38470//#^,  we  Und  h^  =■  9247(k500  miles ;  t^^  — 

ia57(K)  miles  ;  e,  =  18.413  miles;  i/,  =  3980  ft.;  f ,  r:=  6910,3  ft.    The 

following  table  sliows  the  accorvlanco  between  theoretical  and  observed 
values : 


Theoretteal. 

Observed. 

1. 

Dolling  point. 

99.-^8 

100^^ 

Combining  heat  of  11,0, 

09819 

67010.  to  09584* 

fo 

140.05 

14011)8.  per  sq.  in. 

2. 

<^s 

18.81 

18,41 

X  -^  /* 

107. ;» 

100.67 

8. 

Latent  heat  of  steam, 

580.^874 

586.o885t 

In  these  comparisons  I  have  made  no  allowance  for  the  photodynamlo 

pn)jectlons  which  have  caused  orbital  eccentricities,  as  It  may  bo  pro- 

•  880  Note  16. 

t  Mean  of  flrst  (bur  estimates  In  Note  92. 

FROC.  AMER.  PUILOS.  80C.  XIX.  109.  8T.      FRIKTBD  DSC.  81,  1881. 
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sumed  that  they  have  affected  different  elements  in  different  ways  and  to 
difierent  degrees.  I  still  think  that  the  true  value  of  M^  is  about  one  per 
cent,  greater,  and  the  value  of  \  about  J  of  one  per  cent,  greater  than  here 
given. 

Weber  and  Kohlrausch  demonstrated  the  importance  of  photic  velocity 
in  electromotive  energy,  by  measuring  quantity  of  electricity  ;  Thomson 
and  Maxwell,  by  measuring  electromotive  force  ;  Ayrton  and  Perry, 
by  measuring  electrostatic  capacity. 

97.  Maximum  Density  of  Water. 

If  we  let  u^  represent  the  potential  velocity  of  water  at  its  greatest  den- 
sity, we  find  that  the  greatest  known  velocity  of  sethereal  wave-propaga- 
tion :  the  greatest  known  gravitating  velocity  :  :  the  corresponding  circu- 
lar-orbital velocity  :  the  potential  velocity  of  water  at  its  greatest  density. 

'Dy^iv^V^wv^:  Ui  (1) 

Let  0  =  lOQO  C.  —  water-temperature    of  maximum  density ;    p^  = 
Earth's  semi-axis  major  =  nr^  ;  r^  =  Sun's  semi-diameter.     Then 
Vj^  =  /?,  ---  497.827  (2) 

1)^  =  71^  ^  2  TT  /?3  -^  1  year  in  seconds  (3) 

Ui  =  Vi~gh  =  V2g0  X  1389.6 -- 5280  (4) 

If  we  substitute  (2),  (3)  and  (4)  in  (1),  and  adopt  the  British  Nauticil 
Almanac  estimate,  n  =  214.45,  the  most  satisfactory  experimental  determi- 
nations of  0  give  the  following  results  : 


Authorities. 

0 

u^ 

pi 

C.  Von  Neumann 

960.32 

.55508  miles. 

92,746,800  miles. 

Pliicker  and  Geissler 

96.20 

.55473 

tt 

92,689.100     " 

G.  Hagen 

96.13 

.55453 

It 

92,655,300     " 

Joule  and  Playfair 

96.055 

.55432 

tt 

92,619,200     *« 

F.  Exner 

96.055 

.55432 

tt 

92,619,200     " 

Despretz 

9.6.00 

.55416 

tt 

92,592,700     " 

F.  Rossetti 

95.93 

.55396 

tt 

92,558,900     " 

H.  Kopp 

95.92 

.55393 

tt 

92,554,100     " 

Mean 

96.076 

.55438 

tt 

92,629,300     " 

"Whatever  value  may  be  adopted  for  Sun's  apparent  semi-diameter  and 
for  0,  the  corresponding  value  for  Earth's  semi -axis  major  may  be  readilv 


found,  since  pa  OC 

^  n 


VI. 


98.  Electric  Mass, 


Many  of  the.  foregoing  relations  seem  to  show  that  if  the  factor  M. 
in  electric  dimensions,  has  any  proper  analogy  to  the  mass-factor  in  ordi- 
nary energy,  it  should  be  referred  to  the  particles,  or  thfr  most  minute  ap- 
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prociable  iwrtlona  of  luminiferous  a?tlier.  Profcaaor  S.  P.  Thompson,  in  tho 
Philosophical  Magiizino  for  July,  1881,*  makes  the  following  noteworthy 
suggestion : 

" Matter  has  dimensions  [M],  Energy  [ML^^T-^],  and  Electricity  [m* 
L2  T-iJ.  The  latter  value  is  obtained  ft*om  a  consideration  of  the  Law  of 
Coulomb,  that  Q  X  Q  -*-  L^  —  forc*i  ==  [ML  T-«]  ;  whence 

Q  =  [(ML»T-2)i]. 

But  the  dhnensionsof  selfattnictive  matter  may  be  similarly  considered 
by  Newton's  Law  that  —  M.M  -4-  L^*  =  force  =  [M  L  T-^],  whence 

M  =  [-L»T'a]. 

And  if  this  value  bo  put  in  place  of  M  in  the  dimensions  of  Q  above, 

we  get  Q=:  f/  —  1  (L«  T-^)"],  a  quantity  whose  dimensions  difter  only  from 

those  of  M  in  being  prefixed  by  the  imaginary  quantity  y^ — 1.  This  seems 
to  indicate  an  important  relation.  ** 

99.  Change  of  State, 

In  the  Philosophictxl  Magazine  for  July,  1881,  Professor  J.  II.  Poynting 
discusses  ** Change  of  State  ;  Solid-Liquid."  He  shows  that  it  follow^s 
from  his  "mode  of  regarding  tho  subject,  that,  if  in  any  way  the  ice  can 
be  subjected  to  pri'ssure  while  the  water  in  contact  with  it  is  not  so  sub- 
jected, then  the  lowering  of  the  melting  point  per  atmosphere  is  about  11 J 
times  as  great  as  when  both  are  compressed"  (p.  34).  In  HerscheVs 
hypothesis  of  nebular  **  subsidence  "  a  suuilar  action  is  implied,  tho  nebu- 
lous or  a^thereal  atmosphere  corresponding  to  tho  uncompressed  water, 
and*tho  subsiding  particles,  under  the  gnwitating  pressure,  corresponding 
to  the  compressed  ice.  In  a  former  study  of  potential  energy  (Proc.  Soc. 
Phil.  Amer.,  xvil,  08),  I  showed  that,  under  such  circumstances,  "the  in- 
crease of  radial  velocity  would  be  sufllclent  to  produce  orbital  velocity  in 

the  periphery  of  a  stationary  nebula,  when  ^/u=  y^ii  (v '/*-!)»  and  n  = 

2 

_  =  11.056854. "    The  imiwrtant  bearing  of  this  relation  upon  plane- 

3-21' 2 

tary  jwsitions  was  also  shown  at  the  same  time. 

100.  Earth* 8  Photodffnamic  CondcMation^ 

Lef  t^  =  time  in  which  solar  superficial  gnwitation  would  communicate 

the  velocity  of  light,  or  time  of  solar  half-rotation  ;  ^5  =  Jupiter*s  orbital 
time  ;  r,  =  Earth's  semi-diameter;  r^  =  3^58.2183  r,  =  Earth's  synchro- 
nous radius,  or  distance  at  which  a  particle  would  revolve  about  Earth, 
synchronously  with  Earth's  revolution  about  Sun, 

Then  ^,  ^  ^a  :  •  '5  •  'x* 

This  gives  12.81  days  for  f^^,  or  25.62  days  for  Sun's  rotation,  which  is  i 

♦Foot-note  page  17. 
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of  one  per  cent,  greater  than  Laplace's  estimate  and  than  the  mean  ralae 
which  is  indicated  by  other  photodynamic  considerations. 

101.  Earth!  %  Rigidity, 

Sir  William  Thomson  concluded,  from  investigations  of  tidal  action  and 
equinoctial  precession,  that  *'the  earth  as  a  whole  is  much  more  rigid  than 
any  of  the  rocks  that  constitute  its  upper  crust,"  and  that  the  mean  tidal 
effective  rigidity  must  be  greater  than  that  of  glass.  The  inconsistency 
of  this  hypothesis  with  the  belief  of  the  internal  fluidity  of  the  earth  led 
many  to  question  it.  Gen.  J.  G.  Barnard  (Smithsonian  Contributions, 
240)  applied  the  principles  of  the  gyroscope  to  the  explanation  of  preces- 
sion, and  endeavored  to  show  that  no  increase  in  the  rate  of  precession 
arises  from  fluidity.  Thomson  subsequently  modified  his  views  (Brii. 
Assoc,  liep.,  1876)  in  accordance  with  his  theory  of  vortex-atoms,  by 
considerations  based  on  the  quasi-rigidity  introduced  into  a  liquid  by  vor- 
tex motion.  The  stress  of  the  asthereal  waves  must  have  an  important  in- 
fluence both  upon  the  gyroscopic  and  upon  the  vortical  tendencies,  and 
the  rapidity  with  which  they  are  propagated  may  perhaps  furnish  the  sub- 
stitute for  the  inconceivable  rigidity  which  seemed  to  be  required  in  the 
first  discussion  of  the  problem. 

103.  S\irC%  Internal  Temperature, 

In  Note  58,  I  gave  two  photodynamic  estimates  of  solar  temperature, 
the  second  being  3.07  per  cent,  greater  than  the  first.  The  second  esti- 
mate was  based  on  the  hypothesis  that  the  whole  mass  of  the  Sun  is  ei:!"-: 
fluid  or  gaseous,  so  that  every  particle  is  continually  yielding  to  tcndenclr^ 
toward  Sun*s  centre,  toward  the  centre  of  gravity  of  the  solar  system  and 
toward  the  immediate  centre  of  gravity.  If  the  whole  mass  cou!d  t»e 
collected  at  Sun's  centre,  it  would  revolve  about  the  centre  of  gravity  ot 
the  solar  system  in  less  than  three  hours*  but  the  rotation  on  the  axis 
which  partially  compensates  for  the  tendency  to  revolution,  requires  al*  /. 
2o.5  da  vs.  The  orbital  motion  of  the  Sun  about  the  centre  of  its  stellar  -r- 
tern  furnishes  a  slight  additional  compensation,  but  the  photodynrir.. 
stress  seems  to  be  mainly  represented  by  radial  oscillations  which  arr  >t- 
chronous  with  the  orbital  revolution  which  Sun*8  centre  woald  hare  if  * 
were  free.  The  potential  velocity  which  represents  such  radial  oscilbii-  r- 
is  that  which  would  be  acquired  by  vertical  fell  through  half  of  the  duj: 
eter,  or  perihelion  parabolic  velocity. 

103.  Earth's  Int^rtuil  Temperature, 

Tl\e  small  mass  of  Earth  interposes  little  opposition  to  orbital  len  I  •- 
cies,  and  its  greatest  veKK-ily  of  axial  rotation  is  only  about  ^  &$  ctv**  ^• 
its  solar  orbital  veU>oity.     If  Earth's  whole  mass  was  homogeneous,  ^n^ 
within  its  mass  would  vary  as  distance  from  centre,  and  the  m^an  ten-i^ 
to  orbital  velocity,  in  reaction  agi\inst  the  stress  of  fethereal  unduU::    • 
would  be  represented  by  a  virtual  fall  through  J  of  radius*  or  990.  T  m^* 
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This  represents  a  thermal  enerjQ'  of  900.7  x  5280  -+•  1389.6  =  8704.83  cal- 
ories,  which  would  be  communicated  by  a  tcmjverature  of  8764<^.82  C,  or 
6775^\78  P.  The  temi>erature  of  melting  i-ock  is  estimated  by  Sir  William 
Thomson  (Thomson  ivnd  Tait*s  Natural  Philosoi^hy,  i,  App.  D.,  p.  716) 
at  7000^  F.  Notwithstanding  the  erudeness  of  this  approximation^  it 
sliows  that  the  tomi>erature  which  represents  orbital  reactions  against 
(etliereal  stress  is  of  the  same  order  of  magnitude  as  that  of  melted  rock» 
thus  corroborating  other  evidence  of  the  probable  fluid  condition  of  the 
greater  portion  of  our  globe. 

104.  Barometric  Strain, 

The  evidence  which  I  presented  in  1863  (Proc.  Soc,  Phil.  Amer.,  ix, 
288*8)»  of  cyclical  atmospheric  strains  resulting  fbom  the  combined  at re^es 
of  pressure,  inertia  and  elasticity,  presents  an  interesting  pn>blem  for 
mathematical  analysis.  I  confined  myself  to  an  investigation  of  mere 
numerical  results;  in  giMierali/.ing  and  extending  tliem,  Uie  following 
FACTS  seem  most  important : 

1.  Tlie  atmospheric  daily  variation  of  solar  or  terrestrial  centrijxjtal  in- 
ertia is  comparatively  insignificant. 

3.  Tlie  variation  of  tangiMitial  orbital  motion,  between  noon  and  mid- 
night, is  about  jJj  of  the  mean  motion ;  the  consixiueut  variation  in  the 
moment  of  inertia  is  alwut  ^^  of  the  mean  moment. 

3.  The  orbital  moment  of  inertia  is  more  than  4000  times  as  great  as  the 
etiuatorial  rotary  moment. 

4.  Tlie  combined  influences  of  elasticity  and  orbital  moment  of  inertia 
tend  to  drive  the  atmospheric  |ii\rticles  away  fVom  the  Earth  during  the 
first  and  third  quarters  of  the  day,  and  towards  the  Earth  during  the  sec- 
ond and  fourth  quarters. 

5.  Tlie  sum  of  the  inst^mtaneously  varying  tendencies  roaches  a  maxi- 
mum in  the  middle  of  each  quarter. 

6.  The  ratio  of  the  mean  ixiuatorial  daily  variation  of  the  barometer 
(al>ove  or  below  its  mean  altitude),  to  its  mean  altitude,  corresixmds  very 
closely  to  the  ratio  of  equatorial  daily  n>tation  (34,895  miles)  to  the  sum  of 
Etirth's  syntxlic  daily  gravitating  reactions  against  Sun's  gmvitating  ac- 
tion (8046o«  X  16.044  -^  5380  =  33683;{00  miles). 

7.  The  time  of  maximum  disturUuice  in  each  quarter  of  the  day,  is  de- 
lay eil  about  an  hour  after  the  middle  of  the  quarter  at  tropical  stations. 

8.  The  magnitude  of  the  disturbtinces  in  the  morning  and  afternoon  is 
increased  by  the  atmospheric  exixmsion  which  is  due  to  solar  lietit. 

9.  Tlie  magnitude  of  the  disturl>ances  during  the  night  is  dimiuishetl  in 
sucli  proiH)rtion  as  to  maintain  the  avenufc  quart er-daily  change,  which  is 
reiiuired  by  the  actions  and  reactions  of  elasticity  and  inertia. 

10.  The  tendency  to  description  of  equal  art»rts  in  equal  times,  leads  ap- 
proximately to  the  proiK>rtion,  espeiially  within  the  tropics, 

In  this  proportion  e  represents  the  daily  barometric  n\nge ;  Cj,  the  annual 
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range  ;  r,  the  virtual  radius  of  daily  inertia,  88403'  g  -^2;  ri,  the  radius 
of  annual  inertia.  Earth's  semi-axis  major. 


105.  The  St.  Helena  Teat. 

The  most  extensive  and  satisfactory  intertropical  observations  that  appear 
to  have  been  published,  are  those  of  Gen.  Sabine,  at  St.  Helena,  in  latitude 
15^.j7'S.  Ganot's  formula,  g  =  32. 174  (1  —  .00256  cos.  2  ^),  gives flr  ==  32.104, 

and  r  =  80400^  X  16.052  -j-  5280  =  22694600  miles.     The  mean  of  five 

years'  observation  gives  e  =  .067  in.;  e^  =  .135  in.;  r^  =  -^-  =  92138400 

miles.  This  differs  by  less  than  §  of  one  per  cent,  from  the  greatest  value 
that  seems  likely  to  result  from  the  final  discussion  of  the  observations  of 
the  last  transit  of  Venus,  and  by  less  than  J  of  one  per  cent,  from  the  result 
that  has  been  indicated  by  some  of  the  recent  English  discussions.  The 
simplicity  of  this  relation,  in  the  case  of  our  planet,  is  perhaps  due  partly 
to  Earth's  position  at  the  centre  of  condensation  in  the  solar  system. 


106.   Gaseous  Diffusion. 

Doebereiner,  in  his  researches  on  spongy  platinum,  accidentally  used  a 
jar  which  had  a  slight  crack  or  fissure.  He  was  surprised  to  find  that  the 
water  of  the  pneumatic  trough  rose  into  the  jar  two  and  two-third  inches 
in  twenty-four  hours,  although  there  had  been  no  sensible  change  in  the 
height  of  the  barometer  or  the  heat  of  the  room.  This  observation  led 
Graham  {Chemical  and  Physical  Researches,  p.  44;  Phil.  Mag.,  and  Pogg. 
Ann.,  1833),  to  the  experiment  from  which  he  deduced  his  law  of  gaseous 
diffusion  :  **The  diffusion  or  spontaneous  intermixture  of  two  gases  in 
contact  is  effected  by  an  interchange  in  position  of  indefinitely  minute  vol- 
umes of  the  gases,  which  volumes  are  not  necessarily  of  equal  magnitude, 
being,  in  the  case  of  each  gas,  inversely  proportional  to  the  square  root  of 
the  density  of  that  gas."  He  subsequently  {Researches,  p.  88  ;  Phil.  Trans. 
1846,  1849),  showed  that  this  was  a  result  of  diffusive  velocities  varying 
"inversely,  as  the  square  root  of  their  densities, "  referring  also  to  ''the 
theoretical  law  of  the  passage  of  gases  into  a  vacuum,  according  to  the 
well-known  theorem  that  the  molecules  of  a  gas  rush  into  a  vacuum  with 
the  velocity  they  would  acquire  by  falling  trom  the  summit  of  an  atmos- 
phere of  the  gas  of  the  same  density  throughout ;  while  the  height  of  such 
an  atmosphere,  composed  of  different  gases,  is  inversely  as  their  specific 
gravities.  This  is  a  particular  case  of  the  general  law  of  the  movement  of 
fluids,  well  established  by  observation  for  liquids,  and  extended  by  anal- 
ogy to  gases."  These  views  involve  all  the  consequences  of  equality  of 
tis  viva,  in  chemical  as  well  as  physical  actions  and  reactions,  and  they 
indicate  the  direction  in  which  we  may  still  look  hopefully  for  an  exten- 
sion of  our  knowledge  of  chemical  physics. 
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107.  Kini?(k  and  Static  Enerffit's. 

Motions,  or  tendencies  to  motion,  f,,  in  ellipticnl  orbits,  vary  in  the  in- 
verse nitio  of  tlio  distance  Imm  llio  centre  of  jjjmvily.  Tlie  acceleration 
of  a  i><irUcle  by  any  j^iven  mass,  ^,  varies  invei-sely  as  tlie  aquan>  of  tlio 
distance.  Orbital  velocity  of  a  particle,  i\,,  varies  inversely  as  the  square 
root  of  the  distance.  Velocity  of  j?asei>us  ditlusion,  i\,  varies  inversely  as 
the  squaix*  root  of  the  density,  or  inversely  as  orbital  time,  or  invei'sely  as 
the  I  power  of  the  mean  distance. 
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These  severtU  rehitions  all  seem  likely  to  be  involved  in  ditfeivnt  prob- 
lems of  chemical  physics. 

108,   CHtical  2Vwfi)fnr^nY«. 

Notes  53.  1)3-7,  102 -t%  indicate  a  variety  of  thermodynamic  relations  to 
mass,  which  may  bo  special  instances  of  a  lar^s?e  class.    Circular,  i^anvbolic, 

and  dissociative  velocities  introduce  the  factors  \  Ji  and  :r,  and  tempera- 
tures vary  as  the  square  roots  of  their  n»pn>sentative  velocities,  llenco 
may  arise  an  indefinite  number  of  critical  lempenvtuivs.  The  two  which 
immediately  follow  Karth's  theonnical  internal  tempemtun\  Note  UK^,  aro 
058;3^\4and  121KV>\8  F.  These  temperaturt^s  may,  perhaps,  have  impor- 
tant bearings  uiK>n  questions  of  specitlc  heat,  and  spocitlc  and  atomic  W« 
rmi. 


100.    JlannoHic  Spectrum  of  Ancnic  land  2%iJUum], 

The  American  Journal  of  Science,  for  September,  1881.  publishes  Hun- 
tington's Areenic  Spectrum,  printing  in  heavy  typo  •*  the  bands  which  are 
most  brilliant  and  give  character  to  the  spectrum.  The  other  lines  are  less 
const4int  and  less  distinct,  and  in  some  instances  may  be  due  to  accidental 
causes."  "Upon  examining  the  spectrum  it  appeannl  evident  that  thal- 
lium must  be  pres»ent  in  the  arsenic  in  large  quantities.**  The  relations  of 
the  observed  lines  to  lines  which  are  In  harmonic  prt^gression  arc  shown  in 
the  following  table. 
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Wave-Length. 

T^lvluora. 

H«mionlc« 

Observed. 

Harmonic. 

Obseryed 

6l>33 

m):J3 

(U>t3 

6013 

236x  = 

=  t.(K>lS 

1.0017 

5815 

5818 

244x 

1.0858 

1.0361 

5(V%3 

5(»a 

351 X 

1.0655 

1.0653 

55(U 

55tUi 

255x 

1.0895 

1.0897 

541)9 

541)8 

258x 

1.0  W9 

1.0«kV5 

5;m 

5340TI 

9t«lx 

1.1903 

1.1979 

5UU 

5U>8 

978x 

1.1801 

1.1803 

46^:d 

46d3 

807x 

i.aixta 

1.31>9S 

^m 

450a 

3()9x 

1.3117 

1.3113 

The  thallium  line.  5340.  in  the  only  one  which  differs  enough  thnu  the 
harmonic  length  to  thix>w  lUnibt  on  its  subjinMion  to  hsrmontc  intiuenct*. 
If  thivS  line  were  omitteil  altogether  hi  the  calculation*  the  only  change 
would  be  in  the  fourth  harmonic  divisi^r.  which  would  bo  1.0894  instead 
of  1.0895.  The  harmonic  wave-lengths  would  all  remain  the  same  as 
above  given. 

110.  Jifechttuical  Analogies. 

The  researches  of  Challi*  and  Norton  have  shown  how  extensivelr  the 
various  oiH^rations  of  energy  may  bo  represented  and  antici|>ateii  by 
applying  the  laws  of  ttuid  motion.  My  own  kinetic  investigations  have 
iHHm  greatly  heljHHl  by  my  apjviratus,*  for  imitating  the  *•  lines  of  R>rce  '* 
which  are  represented  by  atmospheric,  thermal  and  electric  currents.  The 
telephone,  phonograph  and  photophone  f\.irnish  practical  illustrations  of 
the  *'  mechsininil  indarliation  *'  for  which  my  apparatus  wiis  devistnl.  M. 
C  A.  Hjerknes  has  lately  sent  a  cinumunication  to  the  French  Academy 
•**Mr  VmitiUion,  par  l<i  roM*  hjfdrodjfnatmtfUif^  titfs  ai*tiim$  ^Ucttiifnejit  <<|  maj- 
wcYjYMf-*,'*  As  the  indications  of  unity  of  force  increase,  there  will  bt»  an 
increased  call  for  the  study  of  such  analogies  w^ith  the  help  of  mechanictiU 
contrivances. 

111.  Subsid^nt  and  I\$ratnrtral  XiHks. 

If  wo  take  Sun's  semi-diameter»  I^aplace's  limit  and  Earth's  nascent 
locusf  tis  the  elements  of  the  stellar-solar  piiralH>loid,  wo  liud 

ij«  =  9  i»  $  =  .l>iK>8534 

f  =.1666667 

9p  =  5,^0349 

The  pnnluct  of  the  ivirameter  by  any  jviralwloidal  al^scissa  represents  the 
tH>rn^sponding  ordinal  rw  rka,  and  the  laws  of  harmonic  undulatitni  la 
elastic  media  lead  us  to  Umk  for  ntxies  in  aciH>niance  with  the  living  ft^rcf. 
We  find  numerous  evidences  of  such  acamlancH?  in  tl\e  primitive  ci>metoid 
nebula,  if  we  sup)x^e  the  nucleal  tendencies  in  tho  axis  of  abscissas  to  b« 

*  For  desert pUon  see  Pruo.  Amer.  Phtl.  Soo.,  x,  151-4tt« 
t  Note  i^  <iM4tf,  xlx,  140, 


arrangiMl  In  tho  following  order ;  Noptune  (iV),  Jupiter  (J),  Mara  (JO.  S"ii 
{S),  Mercury  {Me),  Vonus  (V^.  Karth  (A^),  Saturn  (iS^rt)  Urt\nus  (T). 
Lot  subscript  1,  d,  8,  4,  5  doslj^nato,  njapectlvely,  aecular  perihelion,  mean 
perihelion,  moan,  mean  aphelion,  aecular  aphelion.    Then 

1.  Subaidonce  fVom  N^  would  produce  a  rupturing  node  at  TV*  Btock- 
weira  valuoa  are,  JVj  =  80.034,  6''4=^  20.044,  the  rupturing  locua  being  }  of 
30.05U  =  90.038.  Newcomb's  estimate  of  iVi  is  80.070,  which  would  give 
20.047  for  tho  rupturing  locus. 

9.  Midway  between  tlioao  primitive  nodes  comes  the  primitive  nebular 
centre,  /,.  Three  of  Jupiter's  canllnal  loci  are  thus  approximately  Indi- 
cated, viz.: 

(iV,  —  ir^)  -».  S  =  4.095  ;  /,  =  4.978 
(*Vr  —  ir^)  "+"  2  rr  5.913  ;  /,  =  5.303 
(X^  —  ir^)  -J.  3  =  5.495  ;  J^  =  5.437. 

3.  The  rupturing  locua  of  the  early  nebular  centro,/|,  and  tlio  locua  of 
incipient  aubsidonoe  at  the  centime  of  the  belt  of  greatest  condensation,  A'^, 
present  the  most  slgnllicant  evidence  of  pammetml  Influence. 

/i  +  /Bi  -^  5.954  ;  9p  A?,  =  5.950 

4.  Other  Imiwrtant  loci  In  the  denae  belt  ahow  a  like  Influence. 

Ji  +  }\   =  5.053 
j;  +  m^  =  5.975 

5.  The  Influence  of  the  parameter  on  other  flmdamental  abscissas  is 
equally  evident. 

2p3fe^=^  1.770;  Af^  =  1.780 
3pJ/i  =  9.0«fl;  ^\l,=-  9.078 
3/)  M^  =  10.338  ;  Si^—  10.848 
3/>  /,  =  3J).099  ;  iV;  =  99.598 
2;)  Sii^  =:=  59.504  ;  2A;=  59.405 

6.  Simple  ordinal  Influence  is  shown  in  the  relations  of  Laplace's  limit  (L) 
to  the  centre  of  condensation,  and  of  the  throe  inner  to  the  throe  outer 
planets,  if  we  U\ko  Sun's  aemi-dlameter  (r„)  as  the  unit  of  measurement. 

v'9/)  AV-:-^=  86.333 
v'97)Ji"H^"r„^  88.388 
>^2/)  r, -h  ^  =  150.491 
l'9ii.V4W,  =  197.228 

7.  A  similar  influence  is  shown  with  A\  as  the  fVindamental  abaciaat\. 

t/97)  Ai  =  3.489  ;  A;  +  i/;  =  3.487 
2\^2p  h\  =  4.879  ;  J^  ^  4.886 

8.  Some  of  the  rt^latlve  nodes  ahow  almple  multiples  of  tho  parameter. 

4p  =  11.901  ;  JVi  —  l\  =  11.910  ;  l\  —  Sn^  =  11.945 

6;) —  17.851;  l\  =17.688 

10i>  =  39.750  ;  ^\  =  39.783 

♦  Ibid,  xvll,  100. 

rilOG.  AMKR.  FHIL08.  80G.  XIX.  100.  8u.     PRINTBD  DSC.  81,  1881. 


L 

^72 

86.860r^ 

M«^ 

= 

88.048r, 

T'. 

=r: 

155.184ro 

JP, 

:= 

900.008r, 
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If  the  IntorHtoUar  |v\rHb.)loM  ^Noto  i^)  >vort>  at  rt»«t,  wo  should  hav*^ 
-  -  ^  *;  It  1^  howt^vor,  tH]uivaUM)t  to  5,075*.     I  can  think  of  no  otht^r  ro«jHMi 

fi>r  this  lnortn\«»o  than  thonlwoluto  mt>tU)n  of  tho  systom  \\\  sjv^ihv  If  tUi* 
j»ivnv  trrtvon»tM  \\\  a  qiiartor  of  a  solar  notation  (tU877  days^  Is  ^^Imilarly  In- 
on*astHl  wo  have 

or  i  :  1,0(>S77  :  ;  r„  :  6,a53«4r. 

This  would  )rlvo»  tor  tho  si^u^o  traversed  In  a  year»  *  .^  .p..     X  6*05^iWr^. 

DhUlin.^  by  314,45.  we  obtain  MUH6  times  Karth*»  seiui  axis  wtyjor.  Her- 
^cheVs  estituate  of  the  annual  tuotlon*  Is  1.11^3  semi-axes« 


118,  Ktlitum  ^/(ivt^H  Ju loiter* 9  J/«m«  *9mi  Di*h9He^^ 

The  orljrinal  tendenoy  to  n^latlve  stablUly  In  the  |MV!tltlons  of  the  two 
prlneJivil  nia>4^es  of  our  system,  on  aetHnint  of  the  ma^nitude  of  Sun  and  the 
nebular  tvntnillly  of  Jupiter.  a)>)H'ars  to  have  made  Sun's  surtHw  the 
ruplurlujr  hu'us  (secular  perlhellouV  of  the  wntrt*  of  gravity  of  the  two 
biMlles.  Stoekwell  jrlves.  for  Jupiter's  inaximutn  etHVUtrlolty.  .OtU^^74 ; 
'ieeular  perlhellt>n  Is,  then*fort\  ,0;UU73tt  t>f  the  seml-axis  m^or.  If  we 
aoeept  BesseVs  mass,  we  tind  UU7,S7»  ^  .WUUT^tl  >  -  in5.75r,,.  Ulvldlnj: 
by  5/>tV37iW.  we  tlnd.  ft>r  Karth's  semi  axis  nn\)or.  314, 45r^,  whieh  Is  the 
value  adopted  In  the  British  Nautical  Almattae, 

U4,   Tht  Onitxtt  SuH. 

The  true  cultnlnatiu);  abscissa  of  the  stellarsolar  i^nUxdoid  (Note  4ft^» 
is  A»  -5  LM  t  r„.  Then*  Is  a  very  larjie  ih^sif^h  uncertainty  In  the  dis- 
taniH^  of  a  Crntitttri,  and  even  If  we  take  the  most  rtnvnt  and  can^t\tl  esti- 
mates we  may  set  down  the  t>rolmble  error  as  at  least  4-.IV4,  MonH»Y<*r» 
as  the  thetmMical  variability  of  the  abscissjvs  is  prlnel)^UlY  due  to  x'Hm^ 
bility  of  wthcreal  density,  A,,  may  rt>prt»senl  any  point  In  the  orWt  of  «& 

i\nttturt  alnml  the  centre  of  its  stellar  system*    The  wean  It  A»  uf  «■ 

(\n!,tuH  is  about  317  \M1'  and  its  decllmitlon  tUV^ai'8;  the  opjMvslte  jHd«»  of 
the  iwmlHdoUl.  or  the  theoivtlcal  dirt»ction  of  the  "  Central  Sun."  if  \ntt 
Sun  has  been  pn^jcctiHl  fhun  u  CtntttuHt  should  thert^fort^  be  ht  the  tH»u- 

Stella! it >n  (^isslo|H^ia.  TUt'  d Inaction  i>f  Sun*s  ap)vvrtMU  tnt)tion  attum^r  the 
fixed  stars  has  been  varitmsly  cstlntated  between  B.  A,  353 '5»l*and3tU^^^  . 
and  between  N.  Dec.  5V^  a7',  and  14  3tl'.  Struve's  rt^sult.  fh>m  an  elaU*- 
rate  discussion  of  the  pn»per  motions  of  il\13  starn.  was  B.  A.  3ttt  33\  Ue^v 
37  ail',  tor  A,  l>.  171H).  This  iH»sitit>n  is  4  51'  north  of  the  ,tfrt»at  dr\^ltp 
which  Is  at  ri>rht  anv:ies  with  the  axis  ot  the  Centaurean  )><\raiHdold. 

♦  Outtlnea  of  Astronomy,  Heet,  8vK 
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115.  r/ft*  MUky  W<ty  and  M(Ukr*s  Hifpothfsis. 

Sir  John  Uorschel*  objects  to  MaiUcr'a  assignment  of  **tho  local  centre 
in  apace,  n)und  which  the  sun  and  stai*a  revolve"  to  the  gmup  of  the 
Pleiades,  * 'lying  as  it  does  no  less  than  20^^  out  of  the  plane  of  the  galactic 
circle,  out  of  which  it  is  almost  inconceivable  that  any  gtmral  ciiv.ulation 
can  take  place.  *'  No  such  objection  can  be  urged  against  the  n\dius- vector 
of  the  Centauroan  imraboloid,  for  the  Millcy  Way  divides  at  «  CV/j/nwri,* 
and  It  traverses  Cavssiopeia,  *Mts  brightest  part  i>tissing  about  two  degrees 
to  the  nortli  of  the  star  ^  of  that  constellation."* 

110.  Daily  Variatums  of  the  Magnetic  Ni'vdk, 

Sabine's  discussions  of  the  magnetic  observations  at  various  stations  have 
shown  : 

1.  That  the  diurnal  variation  of  declination  which  is  duo  to  the  Moon's 
action  conirists  of  four  eijual  or  nearly  equal  portions,  in  which  the  mag- 
net is  attracted  alternately  to  the  east  and  to  the  west  of  its  mean  position. 

2.  That  there  is  a  st dicing  correspondence  between  the  lunar-daily  varl- 
tions  of  horizontal  force  and  of  declination. 

8.  That  in  the  normal  variations  of  vertical  force,  the  lunar  day  is  also 
divided  into  four  alternating  periods  of  nearly  equal  duration,  In  two  of 
which  the  force  Is  Increased  and  In  the  other  two  It  is  diminished  by  the 
lunar  influence. 

4.  That  the  lunar-daily  \i\rlatlons  of  Inclination  and  of  total  force  also 
constitute  double  progressions,  having  two  maxima  and  two  minima,  with 
alternate  periods  of  increase  and  decrease,  each  period  being  of  about  six 
hours'  dunUlon. 

5.  That  the  solar-dally  variations  normally  constitute  only  single  pro- 
gressions, of  about  twelve  hours  each,  ftx)m  maximum  to  minimum  and 
fh)m  minimum  to  maximum. 

8.  That  there  are,  however,  *•  nocturnal  episodes"  of  *' retrogressive 
motion"  at  some  stations,  with  tendencies  to  a  triple  Instead  of  double 
division  of  the  solar  day. 

I  have  shown,  by  experiment : 

7.  That  any  elongated  bmly,  when  cxi>osed  to  the  action  of  parallel 
rectilinear  undulations,  tends  to  place  itself  in  the  lino  of  those  undula- 
tions. 

8.  That  this  tendency  may  be  increased  by  giving  the  elongated  body  a 
slight  specific  energy  of  direction.  For  example :  If  tho  glmlmls  of  a  bin- 
nacle compass  ai*e  so  held  as  to  allow  motion  only  in  one  direction,  and 
tho  box  is  made  to  swing  on  Us  free  axis  like  a  pendulum,  the  needle  will 
tend  towartls  the  line  of  oscillation. 

The  single  progrtvssion  of  the  solar  disturbances  (5)  and  the  double  pro- 
gres.slon  of  the  lunar  disturbances  (1—4)  Indicate  a  dltference  In  the  char- 
acter of  the  chief  disturbing  inlluences  of  the  two  bodies.    It  is  difficult  to 

•  Op.  oit.  Sect,  861, 780, 787. 
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account  for  such  difference  by  any  theory  of  magnetic  induction.*  It  is 
evident,  however,  that  Sun's  thermal  disturbance  of  Earth's  sethereal  cur- 
rents is  greater  than  Moon's,  while  Moon's  tidal  disturbance  of  the  same 
currents  is  greater  than  Sun's. 

117.  Magnetic  Variations  at  St.  Helena, 

St.  Helena,  on  account  of  its  insular  position,  its  proximity  to  the  mag- 
netic equator,  its  large  horizontal  force  and  the  large  proportion  of  total 
force  which  is  represented  by  the  horizontal  force,  is  free  from  many  of 
the  local  complications  which  often  mask  the  normal  action  of  the  Sun  and 
Moon.  Moreover,  the  comparatively  long  period  of  systematic  observa- 
tions, the  extension  of  the  observations  to  the  lunar  action  on  the  baro- 
meter as  well  as  on  the  magnetic  needle,  the  uniformity  of  the  indications 
in  different  years  and  in  different  semesters,  and  the  symmetry  which 
is  traceable  between  the  lunar  atmospheric  and  magnetic  disturbances,  are 
additional  reasons  for  regarding  it  as  a  typical  station  for  the  study  of 
gravitating  influence  on  sethereal  waves. 

118.     Compa/rative  Table. 

The  difference  between  the  solar  and  lunar  disturbances  is  shown  in  the 
following  synoptical  table.  The  magnetic  data  are  taken  from  the  second 
volume  of  the  St.  Helena  Observations,  pp.  xlii-xliv  and  Iviii-lxii ;  the 
barometric,  from  the  first  volume,  pp.  84,  99.  The  barometric  ratios  are 
given,  in  order  to  make  the  table  homogeneous  and  facilitate  comparison. 
They  were  obtained  by  dividing  the  hourly  deviations  from  the  mean 
by  the  mean  height  of  the  barometer  (28.278  in.). 

Solar  Disturbances. 


• 

Bar. 

V.F. 

H.F. 

T.F. 

O 

.00 

.000 

.00 

.000 

0 

+0566 

—022 

+1099 

+95 

1 

—0035 

+229 

+0911 

+83 

2 

-O530 

+446 

+0623 

+60 

3 

—0954 

+593 

+0368 

+40 

4 

—1061 

+638 

+0133 

+20 

5 

—0920 

+608 

—0080 

+01 

6 

0636 

+611 

—0270 

—15 

7 

—0212 

+545 

—0394 

—26 

8 

+0247 

+300 

—0465 

—36 

9 

+0636 

+219 

-0511 

—41 

10 

+0848 

+074 

—0530 

—45 

11 

+0742 

—Oil 

-0522 

—45 

12 

+0354 

—100 

—0481 

—43 

13 

-O106 

—165 

—0449 

-41 

*See  paper 

by  Dr.  Lloyd,  Proc. 

B.  Irish  Acad. 

»  1858,  and  C.  Chamber*.  PHU 

Trans.,  1863. 
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Solar  DisTrRBANCSs. 

• 

Bar. 

V.  P. 

H.  F. 

T.  F, 

14 

—0500 

—224 

—0405 

—88 

15 

—0884 

—280 

—0870 

—80 

10 

—0010 

—845 

—0852 

—85 

17 

—0742 

—808 

—0820 

— lU 

18 
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110.  M<ignH(o  Correlations. 

In  stvulyiujc  tlio  above  table  for  a  proper  interpretation  of  its  indications, 
wo  can  follow  no  better  clew  than  the  known  correlations  of  electricity 
and  magnetism,  which  may  be  classed  under  the  following  heads  : 

a.  Friction, — Thermal  and  tidal  currents,  combined  with  the  resistance 
of  tlio  Earth's  surface,  must  produce  atmospheric  fVlction. 
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p.  Chemical  Action. — ^The  evidences  of  incessant  dissociation  and  re-as- 
sociation in  the  solar  photosphere,  are  so  conclusive,  that  chemical  action 
may  be  very  properly  regarded  as  an  important  source  of  specific  soUr 
magnetism . 

y.  Light. — The  numerical  equivalences  between  various  forms  of  lumi- 
nous, gravitating,  and  electro-magnetic  action,  are  so  striking  as  to  justify 
Maxwell  in  the  assertion  that  "the  properties  of  the  electro-magnetic 
medium  are  identical  with  those  of  the  luminiferous  medium."* 

d.  Heat. — Edlund  has  shown  that  many  of  the  phenomena  of  beat  and 
electricity  may  be  explained  by  the  hypothesis  of  two  forms  of  motion  in 
the  same  elastic  aethereal  medium. 

£.  Rotation. — Arago,  Babbage,  Herschel,  Barlow,  Christie,  Chase,  and 
Perry  and  Ayrton,  have  shown  that  simple  rotation  produces  magnetical 
disturbances  which  are  governed  by  fixed  laws. 

f .  Gravitation. — In  addition  to  the  relation  which  I  have  shown  to  exist 
between  solar  rotation  and  luminous  velocity,  it  is  evident  that  electricity 
must  be  modified  by  pressure  and  by  such  changes  in  the  relative  distances 
of  electrified  particles  as  are  produced  by  disturbances  of  gravitating  equi- 
librium. 

rj.  Currents. — A  comparison  of  oceanic  currents  with  the  cotidal  lines, 
the  lines  of  isabnormal  temperature  and  the  magnetic  lines  of  equal 
declination,  shows  such  points  of  resemblance  as  to  make  it  probable  thai 
they  are  all  due  to  the  action  of  the  same  forces  upon  difierent  media,  or 
under  different  circumstances.  Challis  has  found  that  if  all  the  ordinary 
central  forces  are  due  to  transformed  aethereal  vibrations,  "the  actions  oi 
8uch  forces  on  atoms  are  in  every  instance  attributable  to  cBthereal  currents. 
whether  the  atoms  be  immediately  acted  upon  by  steady  motions  of  tLe 
eether  or  by  sethereal  vibrations.**  f 

120.     Comparison  of  Solar  Daily  Magnetic  and  Meteorological  Means. 

The  solar-daily  maximum  of  vertical  force  at  St.  Helena  is  coincident 

with  the  daily  barometric  minimum,  as  well  as  with  the  minimum  of  ga.'^e- 

ouH  pressure  and  of  mean  pressure  of  the  wind.     The  daily  minimum  oi 

v(;rtical  force  (20  h)  is  approximately  coincident  with  the  daily  maximum 

of  the  barometer  (22  h),  of  gaseous  pressure  (21  h),  and  of  wind  pressure 

(22-23  h).     The  most  rapid  increase  of  vertical  force  is  between  22  U  and 

8h,  when  the  barometer  is  falling  and  the  gaseous  pressure  diminishing: 

tlie  most  rapid  diminution  is  between  7h  and  10 li,  when  the  barometer  i< 

rising  and  the  gaseous  pressure  increasing.    The  range  of  total  force  Im'- 

tween  noon  and  midnight   (.00095  +  .00043  =  .00138),  is  of  the  sam*- 

order  of  magnitude  as  the  daily  range  of  solar  disturbances  of  weight  or 

/  m 
pressure  I -«-  =  .000615,  which  is  added  at  midnight  and  subtracted  ai 

•  Eleclri'Aty  and  Magnetism,  11, 383,  sqq. 

t  PhU,  Mag,,  Sept.  1872;  Sept.  1876;  June,  1878. 
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noon,  making  the  toUxl  range  ,00138).  The  arithmetical  mean  of  any  cu- 
mulative disturlMinces  which  an>  occasioned  bv  the  accelemtlons  and  ivtar- 
dations  ot*  alternate  half-daily  fKU  towaiils  and  rise  fh>m  the  Sun,  should 
occur  at  ISh  -h  \  5"tVtnu  midnight,  or  at  8h.  aOm.  A.M.  and  8h.  aim.  P.M. 
These  hours  correspond  very  nearly  with  those  of  mean  disturbance,  both 
iu  the  horizontal  and  In  the  total  foix'c  : 

Noon.  12  P.M.         Mean.  TtmoofMeau, 

11.  P.  +.001009  —.000481  +.000809  8h.  81m.  A.M.;  3h.  Uhn.  P.M. 
T.  F.    +.00095      —.00048      +.00030      8h.  45m.  A.M.;    3h.  43m.  P.M. 

The  greatest  observed  deviation  ih>m  the  theoretical  tinu»s  Is  10m,  in 
the  morning  mean  of  tottvl  tonn^ ;  the  least,  3m.,  in  the  morning  mean  of 
horizontal  force.  Tliu  mean  deviation  of  horizontal  force  is  8.5m. ;  of  total 
force,  3,5m* 

131.  Lunn^  i>fi%  Comparison, 

The  lunar  disturbances,  both  of  the  Imrtmietrlcand  of  the  magnetic  means, 
an»  of  a  higher  order  than  can  be  accounted  for  by  mere  dlsiurlvances  of 
weight  or  pressure,  or  by  any  other  known  activity  of  our  s*itelllte  ex- 
cept the  accumulation  of  energy  In  currents  (>y).     We  have  no  rt»ason  to 

think  that  the  moon  exerts  any  specific  chemical  (,5),  luminous  (^).  or 
thermal  (J)  Inlluence  of  her  own,  but  her  tidal  disturbances  of  the  elas- 
tic or  (^tm«»-elastlc  currents  of  the  ivtatlng  earth  (s,s  ^'j)  *^^'  ^'<-*>*.v  iiMp^^- 
taut. 

Schlapi>arelll,  Loomls  and  Chase  have  shown  that  long- continued  ob- 
servations, at  various  stations,  demonstrate  the  existence  ot  an  evident 
lunar  Intluence  on  the  precipitation  of  niln,  and,  tx>nseqvu»ntly,  on  the  elec- 
trical condition  of  the  atmospheiv.  Each  station  has  an  **  establishment" 
of  its  own,  which  can  be  determined,  whei*e  the  meteorological  conditions 
aiv  most  uniform,  by  observations  extending  over  a  period  of  three  or 
four  years.  This  intluence,  which  Is  undoubtedly  due  to  tidal  disturb- 
ances of  atuu)spherlc  curi'onts,  Is  fVirlher  shown  In  the  lunar  mollifica- 
tions of  the  direction  and  velocity  of  the  wind,  wluch  have  been  pointed 
out  by  M.  Bouquet  de  la  Grye.* 

Both  in  the  lunar  and  in  the  solar  tiibles  the  critical  periods  of  horizon 
tal  and  total  force  aiH)  nearly  synciironous.  In  the  lunar  variations  the 
vertical  force  Incnnuses  as  the  horizontal  fort^e  diminishes,  and  fiVr-r<*mi. 
Each  of  the  lunar  magnetic  tides  Is  of  the  simie  general  character  as  the 
oceanic  and  atmospheric  tides.  The  lunar  horizontal  force  and  total  force 
art*  gn»atest  and  the  vertical  fort»e  Is  Unvst  when  the  Iwvronu'trlc  curixMits  are 
moving  most  n\pldly  away  llxjm  the  Karth's  centre ;  tjie  horizontal  and 
total  force  are  least  and  the  vertical  force  Is  greatest  when  the  currents 
an'  moving  most  mpldly  towanls  the  centime. 

The  mnge  of  lunar  dlsturlwmces  of  vertical  force  (fkmi  +  .000073  to 

**  dmpUts  Htfndtia^  Ixxxviil,  Si5-^ 
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—  .000067  =  .000139)  is  almost  identical  with  the  range  of  lunar  baromet- 
ric disturbances  (from  —  .000075  to  -f  .000062  =  .000137). 

The  culminations  of  the  lunar  disturbances,  both  of  the  vertical  and  of 
the  horizontal  force,  correspond  approximately  with  the  mean  sum  of  the 
accelerations  and  retardations  of  lunar  tidal  action  by  terrestrial  rotation 
(6h  H-  v/2  =r  4h  14.6m  after  Oh,  6h,  12h,  18h.) 

Vertical  Force.  Horizontal  Force. 

1st  Max.     Oh  +  3h  57m  1st  Min.    Oh.  +  4h    1.3m 

1st  Min.      6h  -|-  4h  751.5m  1st  Max.    6h.  -f-  4h  24.4m 

2d  Max.    12h  -f  3h  86.1m  2d  Min.  12h.  +  3h  44m 

2d  Min.    18h  +  4h  89.8m  2d  Max.  18h.  +  4h    9.2m 

Mean  4h  16.1m  Mean  4h    4.7m 

122.   Oanclitsions. 

Although  the  barometric  observations  furnish  the  most  ready  data  for 
quantitative  measurements  and  comparisons,  the  combined  action  of  terres- 
trial rotation  with  lunar  tidal  and  terrestrial  equilibrating  gravitation  is 
not  confined  to  the  air.  Every  particle  of  the  globe  is  continually  subject 
to  cyclical  variations  of  stress  and  strain.  In  the  first  and  third  quadrants 
the  lunar  action  is  opposed,  while  in  the  second  and  fourth  it  is  aided,  by 
terrestrial  rotation,  so  that  the  resultant  of  all  the  subterranean  magnetic 
influences  must  be  subject  to  lunar  disturbances  of  the  same  character  as 
those  which  modify  the  barometric  and  electric  currents  in  the  atmosphere. 

We  may,  therefore,  conclude  that  the  solar  disturbance  of  the  terrestrial 
magnetic  currents  is  chiefly  and  primarily  due  to  its  thermal  activity  ;  the 
lunar,  to  gravitating  currents  which  are  modified  by  terrestrial  rotation 
and  orbital  revolution. 

123.   '* Forced  Oscillation.'* 

In  discussing  the  synchronism  of  the  motion  of  the  moon's  nodes  with 
terrestrial  nutation  Herschel*  introduces  **the  principle  of  forced  oscilla- 
tions, or  of  forced  vibrations,"  by  the  following  announcement : 

*'If  one  part  of  any  system  connected  either  by  material  ties,  or  by  the 
mutual  attractions  of  its  members,  be  continually  maintained  by  any  cause, 
whether  inherent  in  the  constitution  of  the  system  or  external  to  it,  in  a  state 
of  regular  periodic  motion,  that  motion  will  be  propagated  throughout 
the  whole  system,  and  will  give  rise,  in  every  member  of  it  and  in  every 
part  of  each  member,  to  periodic  movements  executed  in  equal  period 
with  that  to  which  they  owe  their  origin,  though  not  necessarily  synchro- 
nous with  them  in  their  maxima  and  minima." 

A  demonstration  of  this  theorem  for  the  forced  vibrations  of  systems  con- 
nected by  material  ties  of  imperfect  elasticity,  is  given  in  Herschel' s  Treatise 
on  Sound.t    Fourier's  theorem,  Herschel's  theory  of  the  consequences  of 

♦  Op.  cU.t  Sect.  650. 

t  Encyc.  Metrop.,  Art.  323. 


m»bviUvr  subHldonco,  and  tho  various  ft>nwR  of  harmonic  Rynchrouiwn  arc 
all  dopondcnt  ujH»n  tho  Mino  f\uuiau\ontal  priudplos  and  thoy  »l*uniU\  all 
he  l<(»pt  in  mind  by  thoso  wiu)  an^  luvostigatlng  tho  tM>n»cquonciVH  of  ohwllc 
action  and  rt»uction» 

194.  FuntUimt^nUil  Phototijtnomic  iVixlf*. 

Tlu>  prinoiplo  of  t\)rcod  vihn\tion»,  tho  thoory  of  RuhMdonco,  and  tho 
hiWH  of  varying  density  in  ohistio  media,  aro  iUuulratod  by  tho  equation, 

.  * .  U>g.  L  \  log.  Mil    ^    :  J 

Or 

L  ■'  Laplaee's  limit  of  synohmnous  solar  rotation  and  rtwolution  ;  ^V^ 
modulus  of  light  at  Sun's  surfiioe  jr.-  Sun's  semt-diameter  j  *  —  locus  of 
nuMui  incipient  subsidence  Ibr  tho  nebular  contrt^  of  planetiiry  inertia, 
(Saturn's  moan  aphelion);  r  -  ^centml  locus  of  greatest  belt«condensatlon 
(Karth's  semi-axis  nntjor). 

If  wo  adopt  the  values  ft)r  L  and  ^  which  aro  given  In  Note  4(1,  wo  find 
♦*.  .  t).U080l<^»    Stockwell's  value  is  about  ^  of  ono  per  cent,  gn^ater, 

After  announcing  tho  principle  of  forced  vlbnititms,  llerschel  tHmttnuos 
as  follows  :  ''The  system  maybe  tUvombly  or  untHvombly  constituted 
U\r  such  a  tnvnstVr  of  periodic  movements,  or  lUvombly  in  son\e  of  its  parts 
and  unthvorably  in  others  ;  and  acconlingly  as  it  is  tho  ono  or  tho  other, 
the  thnviiHi'i/>  oscillation  (as  it  may  bo  termed)  will  bo  Imperooptlblo  in  ono 
case,  of  appn»ciablo  magnitude  in  another,  and  oven  more  peireptiblo  in 
its  visible  etfects  than  the  original  cause  in  a  thlnl ;  of  this  kind  wo  have 
an  instance  in  the  Mt)on's  accelen\tion." 

A  harmonic  illu.Htmtion  of  this  statement  Is  Airnished  by  tho  lunar  dis- 
turban(*e  of  vertical  nmgnetic  force  at  St,  Helena.  Von  Mlt row's  esti- 
mate of  Moon's  semi  ax  is  major  is  (10.9778,  Karth's  action  upon  Moon  and 
Moon's  reaction  should  then>tbw  bo  nearly  s^Viy  as  grtnU  as  Its  action  at 
its  own  surtUce.  If  tho  resulting  waves  or  "forctnl  vibmtions"  art^  rotlected 
to  Karth  and  resolved,  one-half  into  vertical  force  and  one-half  into  hori- 
Rontal  tbrce,  tho  consequent  disturbance  should  bo  ^Ay  1'bo  Umardis. 
lurbance  of  vertical  fort*o  (Nt>to  191)  is  ^^^^  ;  of  iMirimieter,  yj^^g.  Tho 
declnml  values  aro : 

DisturlMinco  of  vertical  force  .0(M)OiaO 

**  **  vibrations  .(HKHIUW 

*•  **  bartmietor  .0(X)0ia7 

Tho  derivative  oscillation  in  tho  horizontal  ftirco  is  obscured  by  other 
disturbances. 

rUOO,  AMKR.  rillLOS.  BOO.  XIX.  100.  8V.     rUlNTHD  DKO.  81,  1881. 
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126.  Relation  of  Magnetic  Disturbances  to  Thermal  Currents, 

The  secondary  character  of  the  solar  disturbances  of  vertical  force  at  St. 
Helena  is  further  indicated  by  a  comparison  of  culminating  times.  The 
coincidence  of  the  daily  minimum  of  vertical  force  with  the  various  maxi- 
ma of  gravitating  pressures  (Note  120)  is  only  approximate  ;  but  the  rela- 
tion both  of  maximum  and  of  minimum  to  the  culmination  of  ascending 
and  descending  currents  is  very  close.  The  mean  time  of  maximum  tem- 
perature is  1  h  39.6  m  ;  of  minimum  temperature,  17  h  41.6  m  ;  of  greatest 
vertical  force,  4 h  4.4m  ;  of  least  vertical  force,  19  h  55.8  m.  Therefore, 
the  vertical  force  continues  to  increase  for  2  h  24.9  m  after  the  time  of 
greatest  daily  heat,  and  to  diminish  for  2  h  14.2  m  after  the  time  of  greatest 
daily  cold. 

127.  Relation  of  Barometric  to  Gravitating  Disturbances. 

During  the  forced  vibrations  of  half-daily  terrestrial  rotation  towards 

and  from  the  Sun,  terrestrial  gravity  acts  on  all  the  heated  and  otherwise 

disturbed  particles  of  the  atmosphere.     The  sum  ot  the  cyclical  acceler- 

16.05  X  43082« 
ations,  at  St.  Helena,  is  ^^qq =  5642000  miles  =  a.    The  sum 

of  the  synchronous  "forced  oscillations"  of  rotation  towards  or  from  the 
Sun  is  COS.  15^  56'  41"  X  tt  X  3962.8  =  11970.7  miles  =  /?.     The  mean 

sum  of  the  barometric  pressures  of  the  atmospheric  particles  is  28.278  in- 
ches =  V.    The  sum  of  the  mean  half-daily  disturbances  of  pressure  is  J 

(28.315  —  28.248  -f  28.302  —  28.252)  =  .0585  inch  =  ^.     The  ratio  of  a  to  ^ 

is  nearly  the  same  as  that  of  v  to  5  ;  —   =  .002122  ;  —  =  .002069  ;  the 

a  r 

deviation  from  exact  accordance  being  about  2.56  per  cent.  > 

128.  Succession  of  Forced  Oscillations, 
The  "nascent"  velocity  of  the  Sun,  or  the  limiting  velocity  between 

complete  dissociation  and  incipient  aggregation,  is,  as  we  have  seen,  -^ 

=  velocity  of  light.  On  the  principle  of  forced  oscillations,  the  luminifer- 
ous  sethereal  undulations  force  the  sun  into  rotary  oscillations  synchron- 
ous with  the  cycles  of  superficial  gravitating  activity  which  would  com- 
municate the  velocity  of  light. 

The  ratio  of  the  mass  aggregation  at  the  principal  centre  of  nucleation  / 

(Sun),  to  the  mass  aggregation  at  primitive  nebular  centre  (Jupiter),  is, 
as  we  have  seen,  the  same  as  the  ratio  of  the  rupturing  radius-vector  of 
Jupiter  to  the  rupturing  radius-vector  of  Sun.  The  rupturing  energy  of 
the  sethereal  oscillations  is  thus  traceable  to  the  primitive  condition  of 
statical  equilibrium,  when  the  two  products  of  mass  by  rupturing  radius 
"were  equal. 

These  two  principal  massep  of  the  solar  system  tend  to  produce  a  system 
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of  forced  osolllationa  thmvigh  tlicir  common  centre  of  gmvity.  Circular 
orbital  velocity  at  their  mean  centre  of  gmvity  haa  become  "nascent'*  ve- 
locity for  the  mass  at  the  centre  of  the  belt  of  gixiatest  condensation  (Eartli). 

120.  EmUm  of  Primitiet'  Coinfrnsation. 

The  Importance  of  the  three  masses,  which  were  considered  In  the  fore- 
going note,  seems  to  stivnglhen  the  pix)bt\bility  that  the  resulting  oscilla- 
tions are  ejtactiy  reconled  In  n».lations  of  mass,  distance  and  vehKity.  If 
such  Is  the  case,  Earth's  seml^axis  m^jor  may  be  eiisily  computed. 

1.  Earth's  nascent  velocity  is   *^y  =      '     *^^^  =  361.81  miles. 

3.  The  mean  locus  of  the  centre  of  gravity  of  8un  and  Jupiter  is 

5.2038         ^^     ,, 
104'*  8"*d  4-  i  ^  Earth  s  semi-axis  major. 

(5  2038      \  * 
U>47  879  4-  l)     ^ 
301.81  =  18.4393  miles  per  second. 

4.  This  would  give,  for  Earth's  semi-axis  nu\)or,  18.4393  X  1  yc*Ar  in 
seconds  -k  3  jr  =  93,618,000  milcwS. 

130.  l\trabohiff<il  IncUnatiim^ 

The  progrcvssion  of  the  stellar-pamboloidal  abscissas  may  be  expressed 
under  the  form  ^(lyf '*)'*,  positive  values  of  w  giving  centripetal,  and  nega- 
tive values  giving  centrifVigiil  abscl.ssiis.  The  r^  oi^dlnates  are,  then»foi*e,  modi- 
fied by  f .  as  often  as  the  fundamental  abscissa  is  moditted  by  the  modifiai 
ordinate.  The  f  moditlcation  seems  to  imply  a  cyclical  elliptlc-lnliuence 
consequent  u|K)n  rotation.  If  {*  is  the  semi-axis  m^jor  and  yj  the  seml- 
axls  minor  of  the  ellipse,  the  Inclination  of  the  ellii)8e  to  the  ly  circle  may 
be  readily  found  by  the  equation 

_  <  _  1.012974 
^^^'  f  —   ,y    —  .9958534 

^  =  10-^  33'  56". 

131.   Otho'  Coindar^  Jli/pothc9e9, 

The  hypothesis  In  Note  114  is  only  one  out  of  many  which  might  be  as- 
sumed with  nearly  equal  proluibillty.  The  gnnit  fact  which  is  to  be  ac- 
counted for  Is  the  evidence  of  panvbololdal  intluence,  extending  ftxnn  the 
region  ot  the  nearest  fixed  stars  to  our  Sun,  and  afi;ecting  Intra-nudeal  nodal 
condensations,  revolutions  and  rotations,  through  cyclical  undulations 
which  are  harmonically  determined  by  the  Inertia  of  Sun's  mass  and  the 
velocity  of  light.  1  have  already  shown  some  of  the  imiwrttuit  modifiaitions 
which  are  introduced  into  the  nebular  hyiH)thesls  by  these  evidences  of 
l>arabololdal  or  cometoiU  subsidence,  and  I  look  confidently  for  the  discov- 


ery  ofmsny  othera.  Tbc  connection  of  comets  with  meteoric  streams  will, 
doubtless,  awaken  many  inquiries  respecting  stellar  groups  and  Jtellar 
motions,  some  of  which  may  be  within  the  reach  and  others  bejoadthe 
reach  of  future  satisfactory  solution. 

133.  Further  Paraboloidal  HamMny. 
Let  r^  be  a  fourth  proportional  to  Jupiter's  locus  of  incipient  subaidencf,* 
Earth's  serai-axis  major  and  Sun's  semi -diameter.  Then  the  flrsi  ihrr« 
abscissas  of  Note  46  (Ap  —  A,)  detennine  the  paraboloid,  and  there  art 
four  groups  of  3"  abscissas,  between  r,  and  the  fixed  stars,  viz.;  9,  (Aj  — 
A,,),  between  r^  and  Sun's  semi-diameter  ;  9,  (A[,  —  A„),  between  Sun's 
surface  and  tbe  loci  of  planetary  rupture  ;  9,  (A^  —  A^),  within  the  btli 
of  rupturing  loci;  9,  (A„  —  Ajg),  between  tlie  rupturing  loci  and  "  (.'■!•■ 
taitri.  The  influence  near  the  centre  of  the  belt  of  greatest  condensalion 
appears  to  be  also  traceable  in  the  ratio  between  the  rupturing  abscissas  Fit 
Earth  and  Venus,  A„  -4-  A„  =  1.7T875, 

log.  1.77875-'  =  — .7503433 

log.  1.77875°   =     .CtOOOOOO 

log.  1.77875'    =    1.5006864 

log.  1.77875"  =   4.0018304 

log.  1.77875''  =  7.5034330 
By  referring  to  the  table  in  Note  46,  it  will  be  seen  that  the  division  pf 
tbe  abscissas  into  four  groups  of  nine  each  is  indicated  by  these  loga- 
rithms. It  may  be  well  also  to  observe  that  1.7787S*  differs  by  less  ih^in 
^  of  one  per  cent.  tVom  Stockwell's  value  for  Saturn's  mean  aphelion, 
estimated  in  terms  of  Earth's  semi-axis  major. 

133.  Another  Conjirmation  of  Prediction. 

On  the  4th  of  October.  1878,  I  presented  a  communication  to  tbe  Ameri- 
can Philosophical  Society.f  in  which  I  showed  that  the  position  of  Wil- 
son's first  intra.Mercuriat  planet,  as  computed  by  Oaillot  and  Moucbei. 
represented  the  third  intra -Mercurial  term  of  my  harmonic  series.  At  ili'' 
last  meeting  of  tbe  British  Association,  Prof.  Balfour  Stewart  read  a  piip<r 
in  which  he  gave  indications  of  sun-spot  disturbances  by  a,  planet,  revnK 
ing  in  34.011  days,  and  conseqnently  having  a  semi-axis  major  of  .li^' 
This  confirmation,  both  of  my  own  prediction^  andof  the  calculations  otihr 
French  astronomers,  is  the  more  interesting,  because  the  first  confirmstior. 
of  my  series  was  contained  In  a  communication  Which  was  made  loili- 
Royal  Society  by  Messrs,  De  la  Rue,  Stewart  and  Loewy,  forty -one  d^V' 

•  SecDiar  nphellon, 

tProc.  Am.  Pbll.Soc,  ivlll,ai.6. 

tib.  xill,  238. 


ttrtor  I  had  AnnouncinJ  Uio  sorios  to  the  Phllosiophlcal  Society  ami  published 
i\  lu  tlie  Xow  York  Tribune**    Tlie  accordances  are  aa  tbUows : 

Pr«dloUon«  OonllrmatUon, 

l$t  interior  harmonic  term dQ7       Do  lia  Hue,  S.  and  L. 367 

5  Oaillot  and  Mourhex 104 

^'^        '*  "  "    ^^     ilStewart 163 

Clarke  (P,  Ma^,  [5]  xii,  100-10).  gives  the  rt^sulta  of  his  re-ciUculation 
of  atomic  weiglits,  which  Inclines  him  to  liH>k  fi^vorably  on  Prout's  hy- 
)H>thesis,  although  he  had  previously  believed  that  it  had  l>een  forever  over- 
thrt>wn,  Maximilian  ilerl)er  (Les  Mondes ;  clttnl  in  Chemical  News»  xliii, 
34*i-3)»  rejei^ts  the  hypothesis,  but  he  gives  t\>ur  additional  empirical  units, 
which  seem  to  indicate  a  prolmblllty  that  grou|>s  of  similar  valency  may 
have  s|>eclal  common  divisors.  The  varlinl  evidences  of  the  photmlynamlc 
imjH^rtance  of  hydrogiMi  will  doubtless  Incline  chemists  to  give  weighty  ct>n- 
side  nation  to  Clarke*s  dellbenvte  opinion*  and  Uerbor's  fivctors  may  help 
towanls  its  establlslimont.  The  pt>ssiUility  of  me^isuring  undulatory  cw 
f #r«i  by  the  dlst*u\tH)  of  prt>jectJon  agiUnst  unlf^)rm  rt^slstanci^  as  well  as  by 
orbital  areiw,  mi\y,  jwrhaivs.  fUrnlsh  the  rtHjulsite  clue  fbr  reconciling  ap- 
))i\rent  op|)ositions  of  indict\tion. 

The  phyllot»\ctic  law  distributes  loaves  and  bnvnches  evenly  annind  the 
stems  of  vegetables,  so  that  all  jmrt^  of  the  plant  may  share  in  the  Iwnetlt 
of  heat,  air  and  moisture.  In  1840,  Dr.  Thonuis  Hill,  at  the  rtniuest  of 
Pn>(.  Pelrce.  showed  that  the  times  of  planetary  n^voluUon  art*  phyllotactic, 
and  the  planets  are  thus  distributed  around  the  Sun  so  evenly  as  to  avoid 
the  destr\ictlon  of  the  system  by  the  aivumulatinl  pert  urinations  of  tho 
great  planets.f  If  the  sevenU  atomic  elements  have  special  sj^tems  of 
KMhen^al  vibrations.  It  seems  rt^^vsonablo  to  hH>k  for  evidences  of  a  phyllo- 
tactic  harmony  which  would  ct>ntrlbute  to  the  stability  of  e<tuilibrium  in 
ciuuixmnds.  The  following  table,  which  Includes  alxnU  half  the  known 
elements,  ctmttUns  multiples  of  the  phyllotuctlc  divisor  J II.  or  1.611,  com- 
laired  with  Clarke's  recalculation  of  atomic  weights, 

riiyUotaotto,  Clarke,  Ptt^Mrenoo, 

O  10  X  1.6  =  16  15.063  .037 

Fl  13  X  1.6  :^  lO.d  18.0v^4  .816 

Mg  15  X  1.6  =  24  33.051  .040 

8  90xl.6r^  33  31.084  .016 

CI  93  x  1.6  =.=  J15.3  35.370  ,170 

Ca  35  X  1.6  =  40  30.0tH)  ,010 

Ti  31  X  1.6  =  40.6  40.846  ,346 

•  lb.  p.  170, 

tProc,  Amor,  Assoc,  vol.  3, 


49x1.6  = 
50  X  1.6  = 


Clarke. 
51.256 

78.797 
79.768 


Ytter 

108  X  1.6  =  172.8 

Bo 

7x  1.6=    11.3 

AI 

17  X  1.6=    37.2 

Fe 

35  X  1.6=   56 

Ga 

43  X  1.6  =    68.8 

Cd 

70  X  1.6  =  113 

In 

71  X  1.6  =  113.6 

Tt 

56  X  1.6=   89.6 

Bu 

65  X  1.6  =  104 

Ro 

65  X  1.0=104 

Rli 

66  X  1-6  =  105.6 

8b 

75  X  1.6  =  130 

Ta 

114x1.6  =  182.4 

W 

115  X  1.6  =  184 

Os 

134  X  1.6  =  198.4 

Hg 

135  X  1.6  =  3O0 

Pb 

139  X  1.6  =  206.4 

Th 

146  X  1.6  =  333.6 

111.770 

113.398 
89.816 

104.317 

104.055 

105.737 

110.955 

183.144 

183.610 

198.404 

190.713 

206.471 

233.414 
U  149  X  1.6  =  238.4  238.482 

The  greatest  difference  in  the  above  table  of  33  elements  is  less  than  3S 
per  cent,  of  the  phyilotactic  unit.  Gerber's  longest  table,  for  a  single  di- 
visor, contains  but  35  elements  ;  his  greatest  difference  is  more  than  3( 
per  cent,  of  his  empirical  divisor.  If  the  eight  elements  which  present 
the  greatest  phyllotactic  difference  wore  rejected,  so  as  to  make  the  iabl« 
of  the  same  length,  the  greatest  remaining  difference  would  be  iess  thui 
16  per  cent,  of  the  divisor.  The  photodyuamic  approicimation  is  therefore 
much  closer  tiiaa  the  empirical. 

136.   TM  Empirical  Dms(»-g  are  PhyUoUulk. 
Gerber  says  that  "no  simple  relation  exists  among"  his  divisors,  there- 


fore they  "have  no  value  in  themselves." 
unable  to  discover,  is  phyllotactic,  as  will  b 
parisons  : 


The  relation  which  he  «i< 
by  the  following  con- 


r. 

PhyllotacHo. 

.9907 

H      .098 

.769 

A  X  2  H      .768 

1.905 

2  H     1.996 

1.559 

i  X  J  H     1.559 

1.245 

iXiH     1.247 

1881.1  693  [Chase. 

The  first  six  phyllotactic  numbers  are  1,  3,  8,  5.  8,  18 ;  the  thiitl  does 
not  appear  in  the  formation  of  the  theoretical  divisors,  but  the  others  are 
all  employed.  The  simple  phyllotactic  relation  of  all  the  divisors  to  H, 
shows  that  they  haw  **  value  in  themselves.'* 

137.  MtitiMl  PhyUotajty, 

Uiwn  examining  the  mutual  relations  of  the  above  phyllotactic  divisors,  it 
will  be  seen  that  Dj  =  x\  I>«  =  ^  X  f  X  A  D,  =  AD* ;  D,  =  3  x  J  X 
J  D,  =  3«  X  f  D4 ;  D,  =  }  X  i  D4 ;  D^  =  v^H  D,*.  These  varied  pro- 
visions  for  the  stability  of  cyclical  equilibrium,  in  all  possible  varieties  of 
intra-molecular  R?theix»al  movement,  show  that  the  command,  **  Lot  there 
be  light,"  manifested  its  formative  power  of  organization  as  soon  as  ma- 
terial atoms  were  set  in  motion.  The  appearance  of  the  first  five  phyllo- 
tactic numbers,  1,  3,  8,  5,  8,  in  crystallization,  flirnishes  a  step  fVom  inor- 
ganic to  organic  morphology,  giving  new  meaning  to  the  landscapes  on 
our  fVosted  window-panes,  as  well  as  to  the  protective  mimicry  of  vege- 
ti^bles  and  animals,  as  illustrations  of  the  **  distributive  ratio"  which  con- 
trt^ls  alike  light-waves,  atomic  inertia,  crystalline  structure,  organic 
growth,  planetary  configumtion  and  interstellar  action. 

138.  Relatione  qf  the  Wat4!r  Molecules. 

The  importance  of  oxygen  and  hydrogen,  both  in  mutual  combination 
and  in  connection  with  other  elements,  suggests  the  following  comjmra- 
tive  grouping  of  Clarke's  table  of  atomic  w^eiglits : 


-16; 

H  -  LOOM. 

Dlflfterence. 

0-16; 

H  - 1.0023. 

Difference. 

Br 

79.051 

.049 

Bi 

308.001 

.001 

I 

136.848 

.153 

Pb 

306.946 

.a54 

Mg 

34.0U 

.OU 

Mn 

54.029 

.029 

Zn 

65.054 

.054 

Fe 

56.043 

.043 

Cs 

133.918 

.083 

Ni 

58.063 

.063 

Ag 

107.933 

.077 

Co 

59.023 

.033 

Tl 

204.183 

.183 

Bo 

10.966 

.034 

Se 

78.978 

.033 

Ga 

68.963 

.037 

Mo 

95.747 

.353 

Co 

140.747 

.353 

W 

184.033 

.033 

Yttr 

00  033 

.033 

U 

339.030 

.030 

Ytter  173.158 

.158 

P 

31.039 

.039 

*     La 

138.844 

.156 

Od 

113.037 

.037 

Di 

144.906 

.094 

Hg 

200.171 

.171 

Th 

333.951 

.049 

Ba 

137.007 

.007 

Pt 

194,867 

.133 

C 

13.001 

.001 

Ir 

193.094 

.094 

Tl 

49.961 

.039 

Os 

198.951 

.049 

Sn 

117.968 

.033 

Pd 

105.981 

.019 

In 

113,659 

.341 

0-IS.M33. 

DlSiltoc 

88.367 

,367 

14.021 

.021 

119.955 

.0*5 

182.144 

.14* 

43.980 

.020 

37.009 

.009 

PI  18.984  J119 

CI         35.370  .370 

Li  7.007  .007 

OI  9.085  .085 

Na        23.998  .002 

E  39.019  .019 

Rb         K.251  .351  V  51.23«  .25« 

3  31.084  .018  A3         74.918  .083 

Te       J27.960  .040  Cn         83.173  .173 

Cr         52.009  .009  Er       185.891  .109 

Ca         39.900  .010  Rh       104.055  .05.^ 

8r  87.374  .374  Ru       104.217  .317 

a:  28, 195  .  195  Au      198. 155  .  155 

The  aboT-e  tables  seem  lo  show  that,  if  Prout's  law  is  correct,  the  T;ilNf 
of  the  oxygen  atom  has  been  more  accurately  determined  tlian  that  of  vlw 
hydrogen  atom.  The  deviations  of  Mo,  In,  Ce,  CI,  Rb,  3r,  Zr,  and  V, 
are  so  great  aa  to  require  some  explanation,  which  may,  perhaps,  be  foaa'l 
in  phyUolaetie  or  tiarmonic  influence. 

139.  FhiTther  Bcidenee  of  I^yUota^. 
trpon  further  eiamination  of  Gerber's  tables,  I  find  a  still  clof^r  agn-f- 
ment  with  rigidly  phyllotactic  divisors.  Taking  the  mean  of  the  estinial'"'. 
atomic  weights,  when  two  are  given,  his  values  should  be  aa  rollira> 
D,  =  K5.28 -^  853  =  .7681  :  Dj  =  144i).4 -i- 722  —  1.9950;  D,  =fM6.'r. 
-i-  415  =  1.5571  ;  D,  =  2763.05  -^  2218  =  1.2457  ;  H  =  1,3  Dj  =  9■.'^^ 
Clarke's  values  for  the  atomicilies,  when  grouped  in  the  same  way  as  G' : 
ber'a,  give  Dj  =  656.213  -:-  853  =  .7693  ;  D,  =  1437.96  -^  Til  =  1.9fl+) 
D,  =  643.53  -+-  413  =  1.5582 ;  D,  =  2752.0S1  -^  2208  ^  l-a4tJ4  :  H  =  1 
J},  =  1.0001.  The  following  table  shows  the  nearness  of  agreemeni  '>■  - 
tween  the  empirical  and  the  phyllotactic  divisors  : 

Phyllotactic  Gerber.  Clarke. 

H   =  ^  O      .9977  .0986  l.OOOl 

n,  =  jj  H     .7fi75  .7681  .78!J3 

D,=  3  H   1,9954  1.9950  1.9»44 

D3=  J  ©4  1.5589  1.5.571  l..>5,'*-> 

^>^=  i   D,  1,2471  1,2457  1.34<M 

140.   ••  ElasUcUy." 

"Sir  W.  Thomson  1b  led  from  the  consideration  of  various  experim.  - 

with  fluids  and  solids  and  the  study  of  smoke  rings  tu  speculate   i:: 

einxticity  as  an  eTidence  of  motion.     The   kinetic  theory  of  i^asi'^    - 


1881.]  6*^5  rChnse. 

forward  to  a  greater  gonerallzatiou  which  shall  include  elasticity  as  a  form 
of  motion."— J.  T.,  in  Am,  Jour,  of  Meuce,  Nov.  1881. 

My  first  physical  imper  (Proc.  Am.  Pliil.  Hoc,  ix,  288-8),  deduced  ap- 
proximate values  of  solar  mass  and  distance  fitmi  the  combined  action  of 
daily  rt)tation,  yearly  revolution  and  atmospheric  elasticity.  All  my  sub- 
sequent radiodynamlc  investigations  have  been  based  upon  the  considen\- 
tion  of  the  various  forms  of  harmonic  relation  which  ought  to  follow  fi*om 
the  undulations  of  an  all-pervading  elastic  medium,  such  as  the  luminifer- 
ous  lether  is  generally  supposed  to  be. 

141.  Ifarmonic  Siifctra, 

Schuster  {Proc,  Roy,  Soc,  xxxi,  387-47),  discusses  the  pn^babil it y  of  acci- 
dental harmonic  coincidences  in  spectml  wave-lengths,  giving  the  follow- 
ing summary  of  his  results  for  the  iron  spectrum  : — 

*'l.  latere  is  a  real  cau»e  acting  in  a  direction  opposed  to  tim  Ittfc  of  /mr- 
monic  ratios^  %ofar  as  fractiofis  formed  by  numbers  enMller  than  seventy  are 
concerned. 

"3.  After  elimination  of  tlte  frst  cause  a  tendency  appears  far  fractions 
formed  by  ttco  lines  to  chtster  round  harmonic  ratios, 

"3.  Most  probably  some  laic  hitherto  undiscocered  erisfs,  tchich  m  i^p<•c«tl^ 
cases  resolves  itself  into  '^<'  '<'*^  of  harmonic  ratios,'* 

The  comparison  between  the  planetary  harmonic  roots  and  tlio  sjwctnil 
harmonic  quotients  (Note  87),  suggests  the  prolwbility  that  the  op|K)sit ion 
to  strict  harmonic  ratios  may  be  due  to  ditferiMices  of  inertia  in  tlio  wave- 
systems,  which  would  be  more  rigidly  harmonic  were  it  not  for  such  dif- 
ferences. The  simple  tendency  of  all  ehistic  media  to  harmonic  vibrations 
would  then  be  the  general  law,  instead  of  a  law  which  be<*omes  harmonic 
"in  special  cases.*' 

In  waves  which  are  propagated  with  such  rapidity  as  those  of  light,  it 
seems  reasonable  that  there  may  be  large  factors  of  hannonic  length,  wldch 
are  modified  by  smaller  disturbing  elements.  Schuster's  analysis  does  not 
reach  such  cases  as  are  given  in  Notes  80,  and  8^-43.  Note  36  g^ves  11 
harmonic  divisors,  which  deviate  ftonx  the  observed  divisors  by  a  mean 
amount  of  Icvss  than  i^g  of  one  per  cent.  The  greatest  difference  is  fn  the 
C  line,  where  the  harmonic  divisor  is  1.1580,  the  observed  divisor  being 
1.1502,  giving  a  deviation  of  H  of  one  per  cent.  In  Note  80,  the  greatest 
ditlerenco  between  either  of  the  hannonic  linw  and  the  corresponding  basic 
line  is  jl  of  one  per  cent.  In  Nt)te  41  the  greatest  difference  is  ^  of  one 
per  cent.    In  Note  42,  -^^  of  one  pi»r  cent. 

142.   l%e  Mastnesium  Sjicctra. 

Liveingand  Dewar  (l*n)C.  Roy.  Soc,  xxxii,  180-208),  give  smne  re- 
suits  of  their  investigations  on  the  spectrum  of  magnesium,  whichnHeem  to 
strengthen  the  probability  of  large  hannonic  factors,  modified  by  small 
disturbances.  Tlie  only  two  single  lines  which  are  found  in  the-flame- 
fipoctrum,  the  arc-si)eotrum  and  the  spark-spectrum,  have  wave-lengths 
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of  3850  and  4570,  reapectively.    These  represent,  approiiraately,  llie  phjl- 
lotactic  numbers  5  and  8,  viz. : 

PhfllotActlc  Observed. 

2834  28.M. 

4566  4570 

In  tlie  arc-spectrum  and  spark-spectrum,  there  is  "avery  strikioggroup 
of  two  very  strong  lines  at  wave-lengths  about  2801  and  2794,"  and  "one 
line  common  to  the  arc  and  spark  at  wave-length  4703"  wliicli  "doesnoi 
appear  in  Angstrom's  table."  Tlie  difference  between  the  "two  «rj 
strong  lines  "  has  modified  the  other  lines,  as  shown  below  : — 

Harmonic.  Observed. 

7  X  899  =  2793  2794 

7  X  400  =  2800       .  3801 

7  X  407  =  2849  2850 

7  X  653  ^  4571  4570 

7  X  672  =  4704  4703 

The  greatest  difference  is  f  and  the  mean  difference  is  ^  of  the  har- 
monic divisor.    If  there  were  no  law  controlling  the  approximations,  ilif 
i  i  and  the  mean  difference  woulJ 


143.  7%e  Spedal  Phyltotaelie  Elements. 
The  elements  which  cannot  be  simply  grouped  with  O  and  H,  within 
the  limits  of  probahle  error  (Note  138),  have  the  following  phyllotactic 
relations  to  oxygen, 

observed.  Phyllotactic.  Difference. 

.      Mo    95.747  X  tV  O  3=  X    3  =96.  .853 

In    113.659  xAO  7   X  13  X    i    =113.75  .091 

Ce   140.747  X  ii  O  3   X  61  X   IS  =140.769  .022 

CI      35.451  X  A  O  3    X  33  X   fS  =    35-385  .066 

Rb    85.B39xAt>  a  x  37  x    H=   85-885  .144 

Sr      87.575  X  t^  O  5'  X    7  X    i    =    87.5  .075 

Zr     89.573  X-^0  11x13x1   =  89,375  .198 

V      51.873x^0  41  X    4   =   51.35  .123 

144.  Analysis  of  the  Hydrogen  Spectrum. 

It  seems  reasonable  to  look  for  clearer  evidence  of  undisturbed  m 

slightly  modified  harmonic  influence  in  hydrogen,  llian  In  any  of  the  beav 

ier  elements.    Accordingly  Professor  Johnstone  Stoney  has  "  shown  ilm' 

three  out  of  the  four  lines  in  the  visible  part  of  the  spectrum  have  waic 

lengths  which,  to  a  high  degree  of  accuracy,  are  in  the  ratios  of  20  :  37 

33."     I  find,  moreover,  that  three  of  the  tinea  are  in  simple  geomclri< 

ratio,  as  will  be  seen  by  the  following  comparison  : 

TbeoretlCBl  HarmoDlc  Lines.  Observed, 

a  =  (3  X  3)'  X  30.379  =  6561.8  6561.8 

^=   5x^    X  30.379  =  4860.6  48«0.« 

Y  =  il?B)^  =4340.1  4840. 

d=   5  X  3>  X  30.379  =  4101.1  4101.2 
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The  extreme  linos  are  phyllotactic,  d  being  |  of  «.  Tlio  gi'Ofttest  discrep- 
ancy is  ^\^  of  one  per  cent,  which  is  unquestionttbly  within  the  limits  of 
probable  error. 

145.  Application  af  8chu$ter*$  Tests. 

The  ratio  between  the  hydrogen  lines  a  and  d  is  between  {  and  }. 

a  -H  ^  =  «  =  1.59007 

8  -H  5  =  6  =  1.60000 

8  -*-  2  =  c  =  1.50000 

6  —  c  =  rf  =    .10000 

6  —  a  =  <j  ==   .00003 
«-+-(!  =  ttttAtit*  ^^  ^®8s  than  ^  of  one  per  cent,  of  the  probal)le  error. 
The  ratio  between  ^  and  $  is  between  |}  and  ^| 

^-*-    d  =s  rtj  =  1.058227 

18  -H  17  =  6,  =  1.058824 
91  -H  86  =  Ci  =  1.058140 
fti  —  Ci  =di=  .000684 
a^-^Ci  =  <•!  =  .000087 
aj  -f.  rfj  =  jYif,  the  probable  error  being  ±  gVr- 

The  ratio  between  «  and  fi  is  between  ||[  and  Jf. 

«-H  /9  =  <i^  =  1.850165 


77-^-57::^  6,  =  1.850877 


27  -+-  20  =  r,  =:  1.850000 
5,  —  r,  =  (^  =  .000877 
a,  —  r,  r=  <»,  =   .000165 

«,  -*-  (J,  =  IJJ,  the  probable  error  being  r<-:  Jif.    If  we  were  to  stop  here, 
the  test  would  be  pK>nouncod  satisfactory,  and  the  evidence  of  harmonic 
influences  in  which  all  the  lines  are  involved  would  be  conclusive.    But  if 
we  try  another  mode  of  grouping  the  result  will  be  different. 
The  ratio  between  fi  and  d  is  between  Jf  and  jj. 

/9H-fJ  =<?3=  1.185009 

77-i-65  =  6a=-=l.lS4016 
82H-27  =  (V|  =  l.ia')185 
r^  —  dg  =<4=  .000560 
c,  —  rt,  =  fj  =    .000166 

<a  -:-  di  ::=  jiJJ.  the  probable  error  being  only  db  JJJ-    Tlierefore  the  tost 
fails  in  this  case. 
The  mtio  between  fi  and  y  is  between  }}  and  j^. 

;9-:.  ^   =a4:£=  1.119816 

28  -+-  25  =  6^  =  1.120000 
75  -!-  67  :  I  04  ==  1.119403 

h^  —  c^  ~  ^4=    .000507 

\  —  a^  r-r  ^•^  =    .000184 
114  H-  d^  =  JJ^,  the  probable  error  being  only  ±  JJ J.    Tlierefore  the  test 
f^ils  in  this  case  also. 


) 
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The  ratio  between  a  and  ^  is  between  ff  and  |2* 
a-i-y    =aj  =  1.5U93« 
62  -f-  41  =  65  =  1.512195 
65  ^  43  =  «s  =  1.511628 
b^  —  Ci  =di=   .000567 
^  —  flj  =  «i  =    .000259 
ej-f-dj  =  if,  the  rrobaWe  error  being  only  ±|{,    The  test,  tbcrefore.  Ms 
again,  the  number  of  failures  in  the  whole  compurisoD  being  equal  to  tbe 
number  of  confirmations.    Hence  it  is  eridenl  that  Schuster's  criierion  is 
ioaufficient,  at  least  when  the  probable  errors  of  observation  are  not  satis- 
factorily ascertained.    Even  if  the  prolmble  errors  were  known,  the  proper 
aiipticBlion  of  the  test  would  require  supplcmentitry  calculations  of  9U(^li 
intricacy  as  to  maite  it  practically  inoperative. 

146.  Modijkations  of  the  Te»t. 

By  increasing  the  magnitude  of  the  liarmonic  ratios  the  test  may  some- 
limes  be  made  to  indicate  a  probability.  For  example,  ,3  -=-  j-  is  betwetn 
I  nndf  These  values  give  d,  =  .083833  ;  e,  =  .000184  ;  e,  -f-  iij=,i3!i, 
whicli  U  less  than  ^  of  the  probable  error.  In  like  manner  a  -=-  j.  is  be- 
tween I  and  J.  These  values  give  eL,  =  .166667  ;  e^  =  .011936  ;  «j  -^  dj 
■-=  tWA.  wbich  is  less  than  ^  of  the  probable  error.  Tliese  results  seem 
to  indicate  the  propriety  of  harmonic  comparisons  between  terms  which 
arc  unquestionably  of  the  same  order  of  magnitude.  Thus  in  Schuster'^ 
calculation  (loc.  cit.,  p.  338),  tlie  ratio  .96476  lies  between  |J  and  ^J,  '*" 
difference  between  these  two  fractions  being  .016636.  The  diflerence  of  the 
fraction  in  the  sodium  spectrum  from  the  nearest  of  these  comparative 
fractions  is  ,00W52,  wliich  is  only  .00914  of  the  difference  between  ilie 
fractions  tliemselves,  or  less  than  -^  of  the  probable  error. 

If  a  supposed  harmonic  relation  can  be  represented  by  a  fraction  wiit 
terms  cjf  a  single  digit,  Schuster's  lest  might  fail  even  with  the  above  mo^- 
flcation,  provided  the  probable  error  should  be>fxixl;if  the  terms 
lire  of  two  digits,  it  would  not  be  trustworthy  If  the  probable  error  w»» 
>  i  X  ^  X  jV  If  the  modifications  of  tiw  tiva  in  synchronous  wave  sys- 
tems are  of  the  same  order  of  magnitude  as  tlie  variations  of  planetary  ec- 
centricity, the  limit  of  probable  error  would  be  at  least  J,  instead  of  J.  .>i 
the  difference  between  adjacent  fractions  whldi  have  a  common  numerator. 
Tliis  would  be  the  case  for  each  of  the  compared  pairs  of  wave  tengtUs. 
tlie  probability  for  the  entire  system  being  equivalent  to  the  product  0: 
all  the  independent  probabilities. 

All  cntimates  of  abstract  probability,  in  sucli  cases,  should  be  greatly  in- 
creased by  the  a  pnon' probability,  or  even  the  mathematitutl  necessiiy, 
that  synchronous  undulations  in  elastic  media  muH  be  harmonic.  Id  riiii 
ot  tills  consideration,  tlie  indications  of  a  harmonic  tendency  pervulin; 
t^n  entire  system,  such  as  I  have  pointed  out  in  many  of  my  oomp^r.- 
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sons,  are  far  more  significant  than  any  conclusions  that  can  be  drawn 
from  more  restricted  investigations. 

Whatever  test  may  be  applied,  it  sliould  always  be  remembered  tliat  the 
failure  to  discover  a  harmonic  influence  between  any  two  given  lines  does 
not  affect,  in  the  slightest  degree,  the  evidences  of  harmonic  influence  be- 
tween other  lines.  The  failing  cases  are  entitled  to  no  weight  in  drawing 
the  final  conclusion.  We  should,  therefore,  have  been  justified  in  stopping 
our  examination  of  the  observed  lines  in  the  hydrogen  spectrum,  as  soon 
as  we  found  that  «  is  harmonically  connected  with  jS  and  d,  and  that  y  is 

similarly  connected  with  d.    Even  if  subsequent  discussions  had  failed  to 

show  any  probable  evidence  of  liarmony  between  jS  and  y^  j3  and  d^  «  and 

/*,  the  fact  that  there  are  such  harmonies  operating  through  the  relations 
of  the  intermediate  to  the  extreme  wave-lengths,  would  have  been  unshaken. 

147.   Uncertainties  of  Measurement. 

The  influence  of  probable  errors  of  observation  upon  the  validity  of 
Schuster's  criterion  may  be  illustrated  by  applying  it  to  two  of  the  different 
values  which  have  been  found  for  the  Fraunhofer  lines  A,  B  and  0. 
Angstrom's  measurements  are  taken  from  8e?ieUen*s  Spectrum  Analysis, 
p.  168 ;  Gibbs's,  from  Am.  Jour.  Science,  [2]  xliii,  4. 

Gibbs. 
761.20 
687.49 
656.77 
1.107216 
1.107143 
1.107692 
.000549 
.000073 
73  -J-  549 
137  H-  549 
1.046776 
1.046512 
1.046875 
.000363 
.000109 
109  -H  363 
90-1-363 

Hence  the  criterion  indicates  a  harmony  of  vibration,  both  between  th  e 
A  and  B  lines,  according  to  Gibbs,  and  between  the  B  and  C  lines,  accord- 
ing to  Schellen .  The  a  priori  probability  or  certainty  that  there  must  be 
such  a  harmony,  lends  confidence  to  the  greater  accuracy  of  Gibbs's  meas- 
urement of  the  A  line,  and  of  Schellen's  measurement  of  the  C  line.  If 
such  allowance  as  I  have  proposed  is  made  for  that  probability,  the  har- 
mony is  shown  by  Gibbs  in  both  comparisons. 


A 
B 
C 
A-i-B  =  a 

J  =  31  --  28 
c  =  72  -f-  65 
c  —  b    =  d 
a  —  b    =■  e 
e  -¥-  d  . 
Probable  error 
B  -r-  C  =  «! 

6i  =  45  -i-  43 
Cj  =  67  -^  64 

Ci  —  ftj   =  (ij 
Cj «!   =  ^1 

e^-i-  dy 
Probable  error 


Angstrom. 

760.09 

686.68 

656.18 

1.106906 

31 

--28 

1.107143 

83 

-J- 75 

1.106666 

b 

—  c 

.000477 

b 

—  a 

.000237 
79  -H  159 
39  --  159 
1 .046481 

45 

:   43 

1.046512 

68 

-^65 

1.046154 
.000358 

h- 

~«i 

.000031 
31   :   358 
89   :    358 
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148.  The  Fraunhofer  Harmoniea. 

The  general  accuracy  of  Gibbs  is  confirmed  by  the  fact  that  his  measure- 
ments indicate  harmonies  among  the  principal  Fraunhofer  lines,  as  is 
shown  in  the  following  table.  They  all  bear  the  test  of  Schuster's  crite- 
rion, with  the  exception  which  was  stated  in  the  foregoing  note. 


Harmonies. 

OibbB. 

Difference. 

A    761.20 

A   761.20 

JfA    687,54 

B    687.49 

.05 

I^B    656.75 

C    656.77 

.02 

JfC    589.73 

D^  589.74 

.01 

}JD    527.29 

E    527.38 

.09 

^  Hj  486.68 

F    486.52 

.16 

H  H^  431.24 

G    431.03 

.21 

i|A    393.72 

H,  393.59 

.13 

The  greatest  difference  is  only  ^  of  one  per  cent.,  in  the  G  line. 

149.  Proper  Use  of  Harmonic  Tests. 

In  systems  of  waves  which  are  propagated  with  such  frequency  as  the 
undulations  of  light,  it  may,  perhaps,  be  impossible  to  devise  any  criterion 
which  will  show  whether  any  two  given  waves  are  really  harmonic.  But 
if  we  consider  that  undulations  which  are  not  harmonic  are  continually 
tending  to  destroy  each  other,  various  useful  tests  may  be  found,  which 
will  serve  as  guides  for  the  approximate  determination  of  harmonies  that 
must  really  exist.  For  example,  if  there  are  two  harmonic  light-waves, 
the  slower  oscillating  1670  times,  while  the  swifter  oscillates  1843  times, 
there  will  be  more  than  300,000,000,000  coincidences  of  phase  per  second, 
and  yet  Schuster's  method  would  lead  us  to  suppose  that  there  is  no  har- 
mony. The  ratio  ||{J,  is  equivalent  to  .  906131,  which  is  between  Jf  and  ||. 
29  -^  32  .906250 

77  -^  85  .905882 

Difference  .000368 

.906250  — .906131  .000119 

Ratio  of  Differences  119  -^368  .324 

Probable  Error  .250 

150.  Successive  Harmonies. 

The  following  table  shows  that  Angstrom's  measurements  indicate  har- 
monic undulations,  which  present  more  than  600,000,000,000  coincidences 
of  phase  per  second  in  successive  lines  : 

Wave-length.  Log.  w.  1.  Log.  ratio,  Ratio. 

A   760.09  2,8808650  T.9755619  501  /  530 

a    718.50  2.8564269  T.9803266  410  /  429 

B    686.68  2.8367535  T.  9802695  710  /  743 

C    656.18  2.8170230  T.9534617  389/433 

Di  589.50  2.7704847  T.  9512343  446  /  499 
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Wave-length. 
£.  530.80 
b,  517.20 
F  48«,0C 
a  4a0.73 
h  410.13 
III  30(180 
H,  303.30 


Log.  w.  K 

2.7317100 
3.713(W77 
3.08tt(i888 
3.0341070 
3.0130007 
3.5085753 
3.504(^00 


Log,  ratio, 
T.0010;l87 
T.07303U 
T.  047500 1 
T.  0787 118 
T.0850(W55 
T.  0001108 


Ratio. 
437  /  435 
350  '  883 
388  /  835 
418  /  4;%) 
140  /'  154 
007  /  078 


Sohellcn*s  tabU»  jj:i ves  303. 38  for  tho  ^^'avo.lon|rth  of  IT,.  His  otlior  values 
aiv  proolsely  tho  sumo  as  tho  harmonic  lengths  which  are  jciveii  here. 
The  gr(»atest  interval  l^etween  the  successive  tH>iucidences  of  phase  in  the 
prt)i)agation  of  the  waves  which  represent  any  two  adjacent  lines,  is  less 
than  ,\,  of  an  hich. 

Some  of  the  closer  lines  precisely  n^pn\<»ent  simple  jreometric  progres- 
sions within  tho  limits  of  uncertainty  of  olKservat ion.  The  middle  D  line, 
according  to  Gibbs,  is  a  geometrical  mean  between  the  extrtnne  lines. 


Glbbs. 
^  600.04 
X  680.74 
a  580.43 


Geometric 
600.0;J8 
580.730 

580. 4;u 


Log. 
2.7708800 
3.7700570 


2.77' 


04353 


By  making  r=^5y,  we  find  that  the  three  h  lines  art*  in  geometrical 
progression : 

Sohellen.  Geometrto,  Log. 

\  518.30  or,  518.300  2.7145778 

6,517.30  at   517.300  2.7130058 

63610.07  (I     510.000  2.7133008 

Gibbs,  \\\Ji)hnmm'  CytU\HiUi\^  gives  four  6  lines,  the  additional  line  being 
also  geometrically  determined : 

Glbbs.  Geometric. 

6,  518.31  a^  518.31 

6,517.33  ar   617.33 

iir*  610.80 
(I     610.08 


Log. 
2.7145800 
2.7130770 


651  510.86 
\  610.00 


2.7133730 
2.7133310 


151.   Conjoitml  JI(tnnonii^9. 

The  indications  of  geometrical  progression  in  the  I)  and  b  groups  sug- 
gt»st  the  propriety  of  looking  for  similar  evidence  among  the  remaining 
lines.  The  n»lations  which  I  have  pointed  out  between  aHhereal  and 
planetary  nodes  (Note  37).  led  me  to  look  to  the  inertia  of  Hun  and 
Jupiter  as  an  important  soun*e  of  nodal  influence  upon  wtheival  waves. 
Light-waves  would  traverse  a  trajectory  equivalent  to  that  of  Earth's  daily 
eyncKiic  rotation  6.303708  X  305.35030  r-  10OO.Ji55  times,  during  the  inter- 
val which  would  be  required  for  them  to  traverse  one  equivalent  to  Ju- 


A 

— /ir*2« 

760.10 

a 

=  Br»** 

718.49 

B 

=  Cr»** 

686.70 

C 

r=Dir»i» 

656.24 

D 

—  Er«** 

589.53 

E 

=  52^»*» 

526.89 

h 

YfA72 

517.21 

F 

—  Qy91» 

486.07 

G 

=  7tr»'» 

430.73 

7i 

—  Hir25i 

410.11 

H| 

=  Hj,r« » 

396.79 

H, 

393.26 

Loflr.  r*. 

Sehellen. 

.0244495 

760.09 

.0196510 

718.50 

.0197081 

686.68 

.0465569 

656.18 

.0487848 

589.50 

.0080546 

526.89 

.0269630 

517.20 

.0524979 

486.06 

.0213076 

430.72 

( 

.0143384 

410.12 

i 

.0038845 

396.80 

393.28 
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piter's  orbit.     If  we  suppose  the  length  of  each  wave  to  be  increased  in 

the  ratio  r=  (1901.355  -i-  1900.355)*,  we  get  the  following  approximations  : 
Geometric  wave-lengths.  Log.  w.  1. 

2.8808707 
2.8564212 
2.8367702 
2.8170621 
2.7705052 
2.7217204 
2.7136658 
2.6867028 
2.6342049 
2.6128973 
2.5985589 
2.5946744 

The  lines  can  be  grouped  in  three  sets  : — 1.  A,  a,  B,  Di ;  2.  C,  5„ 
F,  h  ;  3.  E,  G,  Hp  Hj.  All  members  of  the  first  and  third  groups  are  con- 
nected with  the  other  members  of  their  own  groups  by  some  power  of  7** ; 
those  of  the  second  group,  by  some  power  of  r" ;  the  members  of  the  third 
j?roup  being  connected  with  those  of  the  first  by  some  odd  power  of  r* ; 
those  of  the  second  with  those  of  either  of  the  other  groups,  by  odd  powers 
of  r.  Three  lines  of  the  middle  group,  C,  F,  h,  are  hydrogen  lines.  The 
boundaries  of  the  group  are  phyllotactic  ;  5  C  =  8  7i. 

152.  Interpretation  and  Mass-Relations. 
The  considerations  involved  in  the  foregoing  notes  were  orbital  velocity  .j 

I  r,  oc  \  —  I,  gravitating  velocity,  tvi  =  g(X  ~a/»  the  constant  velocity  V 

of  light,  (Pj)  and  inertia,  or  mass.     Orbital  velocity  varies  as  the  fourth 

root  of  gravitating  velocity,  (r^  oc  i;,*)  ;  hence  the  ratio  of  increase  varies 
as  the  fourth  root  of  the  relative  disturbance  of  inertia,  r  =  (1901.355  -4- 

1900.355)^. 

If  we  take  the  constant  relation  between  gravitating  and  photodynamic 
action  at  Earth's  surface  as  a  unit,  (p^  =  1),  there  should  be  some  har- 
monic relation  between  p,  and  Jupiter's  incipient  perturbation,  (p^  = 
r* — 1),  dependent  on  the  masses  of  Earth,  (m^),  and  Jupiter,  (Wg).  Earth's 
reaction  upon  its  linear  centre  of  oscillation,  relative  to  the  centre  of  the  . 

*  *  line  of  force  * '  which  connects  it  with  Jupiter,  is  exerted  at  { i  of  J)  =  J  of  "^^ 

the  distance  of  Jupiter's  action  upon  Earth,  consequently  with  a  six-fold 
relative  efficiency.     Accordingly  we  find  : 

m,  6^  6    1 

m^  —    p^    —  1900.355  —  316.726 

^  =  316.726  X  1047.879  =  331890 
p^   =92,796,300  miles. 
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This  value  of  ^3  differs  by  less  than  ^V  of  one  per  cent.  fh>m  the  mean 
of  various  mechanical  estimates,  which  was  given  in  Note  15. 

153.  Lin^^r  Harmonirs. 

• 

The  liarmonies  to  which  Schuster  refei*s,  in  tlie  third  conclusion  of  his 
summary,  seem  to  be  linear  n\ther  tlian  geometric.  If  we  omit  the  speci- 
ally phyUotttctic  lines  G  and  A,  together  whh  tlie  secondary  lines  of  the  D 
and  b  groups,  the  percentages  of  the  geometric,  Schelleu  and  Gibbs  tables 
give  the  following  coincidences  of  harmonic  tendency  : 

Geometric.  Schellen.  Olbbs. 

A  700.10  1933  — .16  700.09  1933  —  .31  700.40  1933  +  .88 

a    718.49  1827  +  .03  718.50  1827  —  .00  718.47  1827  —  .23 

B  080.70  1740  +  .21  080.08  1740  +  .03  080.71  1740  +  .02 

D   589.53  1499 +  .10  589.50  1499  —  .07  589.51  1499  —  .12 

E  520.89  1340  — .18  520.89  1339  —  .27  520.90  1340  — .10 

6a  517.21  1315 +  .19  517.20  1315  +  .09  517.22  1315  +  .08 

F  480.07  1230 +  .03  480.00  1230  —  .09  480.07  1230  — .12 

G  4:^0.73  1095  +  .29  430.72  1095  +  .20  430.73  1095  +  .17 

III  390.79  1009  — .02  890.80  1009  —  .05  390.81  1099  —  .02 

11,393.20  1000  393.28  1000  393.30  1000 

The  only  instances  in  w*hich  the  deviations  from  exact  harmony  exceed  J 
of  the  riglit  hand  unit,  are  the  G  line  in  the  geometric  table,  tlie  A  and  E 
lines  of  ScKellen,  and  the  A  line  of  Gibbs. 

154.  IntersteUar  Phyllotajty. 

The  interstellar  abscisstis,  Note  40,  present  the  following  phyllotactic 
features  : 

1.  The  determination  of  the  p*iraboloid  inquires  3  abscissas, 

2.  The  w^hole  number  of  abscissas,  between  the  vertex  and  the  stellar 
region,  is  3x13. 

3.  The  abscissas  between  Aj  and  Aj^  are  divided  into  two  groups,  each 
group  containing  2x3^  abscisstis. 

4.  Each  group  has  two  equal  subdivisions  ;  the  inner  representing  ten- 
dencii^  to  condensation,  the  outer  giving  no  pn^sent  evidence  of  such  ten- 
dency, except  in  comets,  meteors  and  possibly  asteroids. 

155.  Distance  <^  a  Cvnfaun  and  tU  connMion  itith  the  Inters(fU<ir  i^ira- 

boloid. 

Newcomb  gives  estimates  of  the  parallax  of  «  Centaury  ranging  between 
0".48  and  1''.90.  The  mean  of  Henderson's  observations,  in  1832-3,  as 
deduced  by  himself,  was  I'MO  :+:  .11.  Petew,  ftxmi  the  same  observa- 
tions, found  l'M4  rfc  .  11.  IIendei*son  obtained  0".913  ftom  Maclear's  obser- 
vations in  1839-40  ;  Petew,  0".970  r^  .004  fVom  the  same  ;  Maclear,  0".919 
d=  .034  fVom  declinations  in  1842,  1844  and  1848  ;  Moesta,  0".880  i+r  .008 
ftrom  declinations  in  1800-4.    There  is,  therefore,  an  uncertainty  as  to  the 
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actual  distance,  which  is  of  the  same  order  of  magnitude  as  planetary 
eccentricities.  If  this  fact  should  be  thought  to  diminish  the  probability 
of  a  kinetic  bond  between  the  photodynamic  paraboloid  and  the  fixed 
stars,  it  will  be  well  to  bear  in  mind  the  following  considerations  : 
'  1.  If  there  is  an  all  pervading  interstellar  medium,  which  is  both  ma- 
terial and  elastic,  all  its  persistent  oscillations  must  be  cyclically  harmonic 
in  some  way  or  other. 

2.  All  such  permanent  oscillations  must  be  dependent  upon  or  associated 
with  permanent  masses  and  velocities. 

3.  The  mass  and  velocity  from  which  the  paraboloidal  abscissas  were  de- 
duced, are  the  mass  of  the  sun  and  the  velocity  of  light. 

4.  The  coordinates  indicate  a  solar  motion  in  space,  which  is  closely 
accordant  with  Herschel's  estimated  velocity.     (Note  112.) 

5.  The  abscissas  locate  regions  of  incipient  subsidence,  which  account 
for  the  formation  of  the  several  planetary  belts,  in  accordance  with  Her- 
schel's interpretation  of  the  nebular  hypothesis. 

6.  The  abscissas  are  manifoldly  grouped,  in  ways  that  are  phyllotacti- 
cally  and  otherwise  harmonically  symmetrical,  as  might  be  looked  for  in 
a  medium  like  the  supposed  luminiferous  aether. 

7.  The  last  phyllotactic  abscissa,  Ajg,  is  a  fourth  proportional  to  Sun's 
radius,  Laplace's  limit,  and  the  solar  modulus  of  light. 

8.  The  paraboloid  fixes  Sun's  position,  relatively  to  some  other  import- 
ant stars  in  the  Milky  Way.     (Note  114.) 

9.  These  are  the  most  far-reaching  indications  of  an  unbroken  chain  of 
kinetic  influences,  that  have  ever  been  published. 

10.  Being  based  upon  the  greatest  mass  and  the  greatest  intercosmical 
velocity  of  which  we  have  any  measurable  knowledge,  the  law  of  par- 
simony gives  an  a  priori  presumption  that  the  chain  may  extend  to  other 
masses  of  the  same  order  of  magnitude  as  the  Sun. 

11.  The  next  abscissa  to  the  solar  phyllotactic  series,  A^g,  is  in  the  region 
of  the  fixed  stars,  its  locus  being,  within  the  limit  of  probable  error, 
(i  .25),  the  same  as  that  of  ct  Centauri. 

12.  The  terminal  locus  is  not  only  within,  but  far  within,  the  limits 

of  probable  error.  Its  accordance  with  «  Centauri  may  be  exact ;  it  is 
almost  impossible  that  the  deviation  from  precise  accordance  can  be  so 
great  as  8  per  cent.,  and  such  a  deviation  could  be  easily  explained  by 
stellar  orbital  motions. 

13.  The  second  stellar  abscissa,  A^^,  indicates  a  distance  corresponding  to 

Bessel's  estimate  of  the  parallax  of  61  Oygni.  J 

14.  Whatever  may  be  thought  of  the  last  three  indications,  the  first  ten 
are  plain,  unmistakable  and  incontrovertible. 

156.   Correlations  of  Planetary  Mass  and  Distance. 

Stockwell  closes  the  introduction  to  his  *' Memoir  on  the  Secular  Va- 
riations of  the  Elements  of  the  Orbits  of  the  Eight  Principal  Planets,"  in 
the  following  words  : 

"The  idea  is  thus  suggested  of  the  existence  of  a  system  of  bodies  in 
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which  the  masses  of  the  different  bodies  are  m  adjusted  to  their  moan  dis- 
tances as  to  insure  to  tlie  system  a  greater  degree  of  permanence  than 
would  be  possible  by  any  other  distribution  of  masses.  The  mathematical 
expression  of  a  criterion  for  such  distribution  of  masses  has  not  yet  been 
fliUy  developed  ;  and  the  pending  illustrations  have  been  introduced  hero, 
more  for  the  purpose  of  calling  the  attention  of  mathematicians  and  as- 
tronomers to  this  interesting  problem  than  for  any  certain  light  we  have 
yet  been  able  to  obtain  in  regard  to  its  solution." 

When  I  began  my  investigation  of  the  harmonies  which  illustrate  the 
laws  of  wthereal  elasticity,  the  only  published  evidence  of  any  connection 
between  planetary  mass  and  distance  was  Alexander's  approximate  equal- 
ity between  the  products  of  the  masses  of  Jupiter  and  Saturn  by  the 
squares  of  their  respective  nu\]or  axes : 

Jupiter  TivTT.sTir  X  5.202708"  ^  .02.5832. 

Saturn  y^ii:,^  X  0.538852»  =  .025985. 
Laplace,  however,  had  indicated  elements  of  stability  in  the  sums  of 
various  pmducts,  and  had  demonstrated  the  tendency  of  approximate  syn- 
chronisms to  become  exact ;  Ilerschel  had  siiown  that  "subsidence,  and 
the  central  aggregation  consequent  on  subsidence,  may  go  on  quite  as  well 
among  a  multitude  of  discrete  bodies  under  the  influence  of  mutual  attrac- 
tion and  feeble  or  partially  opposing  projectile  motions,  as  among  the  [mr- 
tides  of  a  gaseous  fluid"  ;  *  various  physical  Investigations,  based  upon 
propositions  In  Newton's  Prlnclpla,  had  Indicated  the  fact  that  all  persist- 
ent oscilhtion^  or  cyelictil  motions  in  chutie  medi(t  mi^st  he  subject  to  har- 
monic lairs. 

In  studying  Ilerschers  statements  of  the  nebular  hypothesis,  it  soon  be- 
came evident  that  Sun,  at  the  principal  centre  of  nucleation,  Karth,  at 
the  centre  of  the  belt  of  greatest  condensation,  and  Jupiter,  at  the  centre 
of  the  primitive  nebula,  had  some  Important  common  relations  which  had 
exerted  a  controlling  influence  over  the  other  cosmical  masses.  The  four 
following  arc  specially  noteworthy. 

-At 

1.  The  ''nascent  velocity  "of  Sun,  V  »  is  equivalent  to  the  wlocity  of  light. 

2.  The  nascent  velocities  of  Earth  and  Jupiter  an>  nearly  equal. 

3.  Earth's  naj^cent  velocity  Is  about  3  per  cent,  less,  while  Jupiter's  ap- 
peal's to  be  sliglUly  greater,   than  the  limit  of  possible  clrcular-orbltal 

velocity,  V^^r  at  Sun's  surface. 

4.  The  aggregate  orbital  ris  vim  of  Earth,  vi\,  and  Jupiter,  ri\,  is  a 

simple  function  of  mean  distance  frxmi  Sun,  d,  and  orbital  time,  d\ 
(^p\     =  ^«a"9'!'I»8\     =01.7430  =  1  + 00.7436  =  er,+  w.   (1) 

*0iUtine9  ((f  Aitronomj/^  Sect.  871. 

ft  being  tlmo  of  solur  rotation,  and  g  being  tho  ncooloratlon  of  superficial 
gravliution. 
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In  the  above  equation,  and  elsewhere  in  the  present  note,  Earth's  mass 
and  semi-axis  major  are  taken  as  the  units  of  mass  and  distance. 

In  studying  the  results  of  nebular  "subsidence,"  let  a  represent  the 
locus  of  incipient  belt-subsidence  or  secular  aphelion  ;  ^,  the  locus  of  mean 
belt  subsidence  or  mean  aphelion;  ^,'the  semi-axis  major;  d,  the  mean 
locus  of  belt-rupture  or  mean  perihelion  ;  e,  the  locus  of  incipient  belt- 
rupture  or  secular  perihelion  ;  subscript  0, 1,  2,  8,  4,  5,  6,  7,  8,  Sun  and  the 
principal  planets  in  their  order,  Mercury,  Venus,  Earth,  Mars,  Jupiter, 
Siiturn,  Uranus,  Neptune  ;  w,  mass. 

m„  :  ^5  :  :  £5  :  e^  :  :  1047.879  :  1  (2) 

According  to  Stockwell  (op.  cit.  p.  38),  eg  =  .9391726^5.     Therefore  ^ 

y^  =  1047.879  £„  --  (5.202798  X  -9391726)  =  214.4513  e„  and  y-^  = 
1115.74  So-  Mass  being  represented  by  the  product  of  mean  orbital  via  viva 
by  mean  distance,  we  find,  from  (1)  and  (2), 

wij  :  W5  :  :  1  X  1  :  60.7436  X  5.202798  :  :  1  :  316.0366  (3) 

w„  :  W3  :  :  (316.0366  X  1047.879  =  331668)  :  1  (4) 

Earth's  chief  companion  planet,  Venus,  shows  the  influence  of  incipient 
subsidence-aggregation. 

m^  '.1712:  :yi  :  a2''  '^  '  .77442  (5) 

w„  im^i:  (331668  -^  .77442  =  427630)  :  1  (6) 

Jupiter's  chief  companion  planet,  Saturn,  shows  the  combined  influence 
of  modified  belt-rupture  and  secular  stability. 

^&  '  ^6  ••  '  fieya  '  Pin  '  '  ^077645  X  9.538852  :  4.978245  X  -^1 

5.202798  :  :  3.3432  : 1  (7) 

w„  :  We  :  :  (3.3432  X  1047.879  =  3503.22)  :  1  (8) 

The  outer  planet  of  the  dense  belt.  Mars,  shows  the  influence  of  modi-    . 
fied  subsidence  at  the  centre  of  nebular  planetary  inertia  (Saturn),  com- 
bined with  that  of  incipient  subsidence  at  the  centre  of  the  belt  (Earth). 

m^im^'.ift^ias:  :  10  :  1.0677352  :  :  9.3657  :  1  (9) 

m^  :m^::  (9.3657  X  331668  =  3101613)  :  1  (10) 

The  two  outer  planets  of  the  system  show  the  combined  influence  of 
nodes  of  subsidence,  rupture,  and  condensation. 

^8  :  W3  :  :  (^8  —  as)r8  -  (^s  +  a^)ri  •  •  (29.73235  —  1.06774)  X  -( 

30.03386  :  (29.73235  +  20.679233)  :  :  17.0776  : 1  (11) 

m^.m^::  (331668  -^  17.0776  =  19392)  :  1  (12) 

W7  :  ^  •  :  (/97  —  ^3)  rr  :  ^Pi  +  ^5)  n  '  •  (30.04418  —  .93226)  X 

19.18358  :  (20.04418  +  4.97824)  :  :  14.6523  : 1  (13) 

m„  :mj  :  :  (331668  -v-  14.6523  =  22602)  :  1  (14) 
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The  accordance  between  the  nodal  and  the  computed  values  is  shown  in 
the  following  table : 


Nodal. 

Computed. 

Authority. 

(2) 

m^-:   fiij 

1047.879 

1047.870 

Bessol. 

(4) 

♦«„  -f-  fW, 

3816(«B, 

331770. 

Chase. 

(«) 

♦w^  -*-  ft^ 

437030. 

427240. 

Hill. 

(8) 

m^  -:-  wi. 

3508.22 

3501.0 

Bejisel. 

(10) 

v^im^ 

3101613. 

• 

3003500. 

Hall. 

(V^) 

fW„  "5-  »!, 

11^2. 

lOJWO. 

New  comb. 

(14) 

w„  -r-  tfhf 

22002. 

22000, 

New  comb. 

The  mean  orbital  m  rira  which  could  be  communicated  to  a  subsiding 
particle  in  any  given  time,  varies  directly  as  the  mean  gravitating  accel- 
eration, I  ^1  I  anil  inversely  as  the  mean  subsidence  iK)tentia1,  I  ^  V 

The  synchrtmism  in  the  determination  of  them  rtVaof  the  two  chief  plan- 
ets is  shown  by  the  proportion 

which  is  readily  deduced  from  (7).    The  confirmation  which  this  lends  to 
Herschers  interpretation  of  the  nebular  hy|H>thesis  is  very  sjit  is  factory, 

The  planets  of  the  dense  belt  bear  witness  to  an  interesting  combina- 
tion of  harmonic  influences.  The  simple  attmction  of  a  princii^al  centre 
of  condensation  would  tend  to  pnHluce  nulial  oscillations  and  very  ellipti- 
caI  orbital  |mths.  If  the  central  fon^o  could  be  concentrated  in  a  (>oint» 
the  elliptic  imth  would  coincide  with  the  major-axis  and  Ihj  rectilinear,  its 


r  -  - 

/  r  *> 


orbital  time  being  2-^.    and  the  mean  velocity  being  {.-  Vgr;  g  repre- 

senting  the  acceleration  of  the  central  fon»e  at  the  distance  r.  If  the  md- 
ial  oscillations  are  made  clrtnilar,  (through  the  mutual  collision  of  imr- 
ticles,  the  exchange  of  molecular  vU  riva  for  i^w  Hen  of  n)tatlon  or  of 
revolution,  external  attraction  and  other  physical  disturbances),  the  orbl- 

Qt 

tal  velocity  should  bo  some  (\inction  of  the  mvscent  velocity,  V> 

The  combined  orbital  fw  vica  of  Earth  and  Jupiter,  (1),  suggests  the 
consideration  of  nebular  subsidence  tVom  Mtwn's  apogee  towards  the 
mtmn  centre  of  gravity  of  »Tupiter  and  Sun.  In  expanding  or  contmctlng 
nebulte,  rotating  velocity  and  clrtnilar  orbital  rw  rmi  both  vary  inversely 
Bs  radius.  In  considering  ultimate  imrtides  or  chemical  atoms  of  eipial 
volume,  the  mass  and  the  limiting  or  maximum  acceleration  both  vary 
as  the  density ;  the  limit  of  gravitating  m  c»><»,  therefore,  varies  tis  the 

cube  of  tlie  density.  (^  x  <^'  =  (5*)  and  cent rlf\i gal  ti$  rmi  varies  as  ^j. 

Circular  orbital  or  tangential  atomic  ris  rira  varies  directly  as  density  and 


it*    ft 


Thr  limit  or  t  IrtMikr  orbUnl  tliw.  ^^  V     »  for  Vlwrlh*  l»  L       aOT^tt 

»o<H>ntW.  Kurlh's  orbital  \\\\w  U'^lw^  f, '  t  vour  auVV^t4^  w^Hnu\*.  If 
UitvM^  iliuw  wo IV  tl\«Hl  hv  tho  iibovo  rolutlonnof  **»«b«4iWi«t»'*  wv  »)muU) 
Uuvr 

K*arlh*s  prf^ont  tlonnUy.  ivj*  iIihUuhmI  fTt^m  Iho  combb)«H\  l«ttuontN(*!»of  *Mb 
kMoiioo.  lliuniroscUlHtion.  oouIchI  asollUulou  Aiui  orbUttl  voUh'IIy.  (N«Ut(>cji 
\  3:i).  l!»;iU\?:U  ,V  »*  ^*  »bowh  by  tbo  t\>llowin)t  owlouktlou*  : 

^,      ^»,  I  ;}M.I4T^*      4a^«7a.H  mllws  i^> 

tt,  .  «T^  : :  m^  i   r,*  :  m,,  i  ft*  :  :  a.U^ai  :  I 

or.  t^Mu  T'J^^V  (\M)rtuil  C-?v»).  i\^  \,\\\  ^UHnM4«  :^  14.447^ 

J   a,tt\)ai  ;  a.siui 
i\  '  «l  •  ♦^♦»*'^*  *  ^  ' 

III  (^l)  tho  nuUu*  of  early  lunar  tolhirlo  juiMilonw*  ^^»  im^huW>-> 

««.  MiHur?*  orbital  ratUiw  of  liiclploni  (*ubHltloi«H».  or  Unni* of  avH^|itH*»  .JV5^»«*^; 

,t  Karlh'M  somi  a\U  major,  ^14.44;\J  ^,„  (^MV.  ami  r  Tlw  5»oiul^j^fc» 
im\|or  of  tlio  rontrt^  of  irravUy  of  8«u  ami  Jiii>Uor.  1,1H147  ^. 

«.  AtMHmlliiji  lo  Voii  Mitn>w»  MihmiV  Uhhw  ot  a|H»)it^     -  l»0WtH>8  x 

no,\J77«  X  JUHl^  H      \J5l.lKMA  m(lo8      ,.%8^4  /*^»  (d4)» 

r.  Aivoi>Unjr  to  Stookwoll.  iSmUbsonlan  t\mtrlb,»  3a^»  ^v  5te^^»  Jlm^tt?r'* 
maximum  mnvutriolty  i^  ,tHUVs»j;4,    TUi*  jjivtsH.  (i\t  \\w  !*omi^\U  iu«ij^Mr  of 

tlio  ohiof  oouli'o  t>r  itraviiy  of  the  solar  systt^m.  (Note  tia>»  ^^  ,-  .WtMl^H 

t.tMU7«7r.o 
*riit»  liitluouro  of  ua^ooiit  fh  rmi.  at  the  ooiitrt^  of  tlio  Ih>U  of  iin^lt^l 

(Huulon^itioih  is«  f\ir(lior  hIiowii  by  \\w  rt>latlon!k  wbioh  ar^  lualnlaliitHl  ^n^UI^ 

oiivso  apprtAimation,  boiwooii  Ktirtli  aiu\  it^  atljaooul  plai\ot»« 

Naj»i^ut  volooily  at  l«<iplaoo'!»  limit,  ami  iHuisoi^uiJiU  orbital  Wi  w*#a»  i* 


{^> 
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n  times  as  great  as  velocity  of  rotation  at  the  same  limit.    This  leaves  r  — 

1  units  of  Earth's  subsident  rotating  velocity  to  be  converted  into  orbital 
via  viva.  Taking  Earth's  mass  and  semi-axis  mtijor  as  the  units  of  mass 
and  distance,  the  foregoing  relative  theoroticiU  values  of  nodal  mass  yield 
the  following  comparative  results  : — 


Theoretloal  Vis  Viva, 
1. 


Orbital  Vis  Viva  -  Mass  -^  Rnd.  Vcct. 
Earth  1-4-1  =1. 

Venus  (381668  -i-  427680)  -f-   .72383  ==  1.0728  (;r  —  1)  h-  2  =  1.0708 
Mars    (381608 ->- 3101618) -I- 1.52869=   .0702(7r  — 3)-4-2=   .0708 

2.1425;  «  — 1  2.1416 


(26) 


Tlie  influences  otvia  vim  which  are  represented  by  the  two  outer  plan- 
ets, (11)  (13),  are  somewhat  more  intricate,  but  no  less  interesting  than 
those  of  their  companions.  Orbital  velocity,  in  the  path  of  any  given 
planet,  varies  inversely  as  radius  vector,  following  the  same  law  as  varia- 
tions of  rotating  velocity  in  an  expjinding  or  contracting  nebula,  and  as 
variations  of  orbital  via  viva  in  revolving  particles  at  different  distances 
from  a  controlling  centre.  Hence  there  are  tendencies  to  maximum  and 
mean  accelerations  and  retardations  at  secular  and  mean  aiwides,  which 
are  shown  in  the  amounts  of  nodal  planetary  aggregation  that  are  required 
to  maintain  the  cyclical  equilibrium  of  orbital  via  viva,  Tlie  ratio  of  Nep- 
tune's via  vica  to  the  mass  at  the  chief  centre  of  condensation,  Earth,  is 
determined  by  c^rtlinal  nodes  of  Neptune,  Uranus  and  Earth  ;  the  like 
ratio  of  the  via  viva  of  Uranus,  by  cardinal  nodes  of  Uranus,  Jupiter  and 
Earth.  Earth's  nodes  are  those  of  incipient  subsidence  and  niptun*  at  the 
centre  of  density,  secular  aphelion  and  perihelion  ;  the  noile  of  Uranus 
which  is  influential  upon  Neptune  is  that  of  incipient  subsidence ;  the 
three  other  nodes  are  of  mean  subsidence  or  rupture.  Earth's  secular 
aphelion  has  modifled  the  aphelion  planet,  while  its  secular  perihelion 
has  modified  the  perihelion  planet  of  the  outer  two-planet  belt. 

Atomic  phyllotaxy,  times  and  acquired  velocities  of  subsidence,  orbital 
velocities  resulting  from  subsident  via  viva,  and  the  n»lations  of  density 
to  distance  ftt>m  a  controlling  centres  in  an  elastic  medium,  are  all  illus- 
trated by  the  exact  equality,  (21)  (23): — 

(^  -^  «^^  =  P.  H-  P.  (27) 

The  onler  of  importance  of  the  equilibrating  manifestations  of  cosmical 
via  viva  in  the  solar  system,  seems  to  be  the  following  : — 

1.  The  relation  of  Sun's  mass  to  mass  at  principal  centre  of  density, 
Earth,  which  satisfies  necessary  tendencies  to  subsidence,  oscillation,  and 
orbital  revolution  (22). 

2.  The  combined  orbital  via  viva  at  the  chief  centre  of  density  and  at  the 
centre  of  primitive  nebulosity  (1). 

3.  The  incipient  tendency  to  rupture,  between  the  chief  centres  of  nuclo- 
ation  and  of  nebulosity.  Sun  and  Jupiter  (2). 


Chase.!  610  [Nov.  4, 

4.  The  relations  of  uw  viva  between  the  chief  centres  of  density  and  of 
nebulosity.  Earth  and  Jupiter  (3;. 

5.  The  relations  between  mean  tendencies  to  belt-rupture  and  to  secular 
stability,  between  the  cliief  centres  of  nebulosity  and  of  planetary  inertia, 
Jupiter  and  Saturn,  in  the  chief  belt  of  planetary  aggregation  (7). 

6.  The  tendency  of  incipient  subsidence  towards  the  chief  centre  of 
nucleation,  and  of  incipient  rupture  from  the  chief  'centre  of  density, 
Venus,  Sun  and  Earth  (5). 

7.  The  tendency  of  incipient  subsidence  at  the  chief  centre  of  density, 
together  with  mean  tendencies  of  subsidence  at  the  chief  centre  of  planet- 
ary inertia,  Earth,  Saturn  and  Mars  (9). 

8.  The  combination  of  incipient  tendencies  of  subsidence  at  the  chief 

centre  of  density  and  at  the  inner  margin  of  the  outer  planetary  belt,  with  /j 

mean  rupturing  tendencies  at  the  outer  margin  of  the  outer  belt  (11).  ^j 

9.  The  combination  of  incipient  tendencies  of  rupture  at  the  chief  centre 
of  density,  with  mean  rupturing  tendencies  at  the  chief  centre  of 
nebulosity  and  mean  subsidence  at  the  inner  margin  of  the  outer  belt  (13). 

Mercury,  w^ith  its  great  orbital  eccentricity,  the  asteroids,  comets  and 
meteors,  doubtless  serve  to  complete  the  exact  adjustment  which  the  sta- 
bility of  the  system  requires.  » 

157.  Relations  of  Fraunhofer  Lines  to  Density  and  Vis  Viva, 

Astronomers  do  not  waste  their  time  in  inquiring  whether  planetary 
motions  are  in  accordance  with  the  laws  of  gravitation,  neither  need 
physicists  ask  whether  cyclical  undulations  are  harmonic.  Knowing  that 
they  must  be  so,  the  wiser  way  is  to  question  nature  in  order  to  find  what 
the  harmonies  are.  The  simplest  harmonies  are  those  which  are  based 
on  multiples  of  2  or  3.  If  we  take  X  =  392.78  as  a  unit,  w^e  find  the  fol- 
lowing approximation  of  wave-lengths,  as  measured  by  Gibbs,  to  harmonic 

values :  • 

Harmonic.  Observed. 

J  A           =687.37  B  686.71 

I  A    =  654.63  C   656.21 

f;.           =589.17  Di  589.51 

J  A    =523.71  E  526.87 

f  A           =490.97  F  486.07 

j;    f  A  =392.78  H.,  393.30 

The  probable  error,  in  each  instance,  is  one-fourth  of  the  harmonic  di- 
visor, in  accordance  with  Schuster's  proposed  test.     The  greatest  discrep-  -^ 
ancy,  F,  is  only  ^  of  the  probable  error,  or  only  i  as  great  as  we  might 
look  for  without  invalidating  the  evidence  of  harmonic  influence.     Such 
accordance  is  surely  satisfactory  enough  to  encourage  further  examination. 

If  we  take  I  =  ^^  Xas  &  unit,  so  as  to  provide  for  the  requirements  ot 

centripetal,  linear  and  conical  oscillation,  (2  X  3  x  4 ;  see  Notes  5,  23, 
156),  we  find  the  following  approximations  : — 


Error. 

Probable  Error. 

+0.66 

-f-  24.54 

1.58 

-^  32.73 

—0.34 

-+-  24.54 

—3.16 

-4-  32.73 

+4.90 

-4-  24.54 

—0.52 

±  32.73 

( 
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Harmonic.  Observed.  Error. 

.401  =  752.83  A    700.40  —7.57 

441  =  730.10  a     718.47  +1.03 

431  =  087.37  B    080.71  +0.00 

40^  =  054.08  C    050.31  —1.58 

80  I  =:  589. 17  l\  580. 5 1  —0. 34 

83^  =  533.71  E    530.87  —3.10 

30  1  =  400.07  F    480.07  +4.00 

30^  =  435.51  G    430.73  —5.33 

35  1  =  400.15  h     410.13  —0.07 

24  I  =  803.78  n,  303.30  —0.53 

If  tho  Fraunhofer  lines  are,  like  musical  beats,  due  to  Iho  interference  of 
"waves  whieh  are  very  nearly  but  not  exactly  in  unison,  their  proper  in- 
veatifl^tion  rt^qulres  a  considenition  of  mort^  intricate  harmonies  than  those 
which  are  based  upon  simple  binary  or  ternary  division.  Tho  harmonic 
A  lino  soems  to  bo  attracted  towards  tho  simple  octnvo  of  H,,  and  Hj  indl- 
catOB  a  reaction  resulting  from  such  attraction.  For,  if  H,  be  divided  into 
13  parts,  (3  X  4),  and  11^  into  15  parts,  (3  x  5),  each  of  the  submultlples 
will  also  be  a  submulliple  of  A,  very  nearly,  if  not  exactly. 

Krror. 


Hurmonlo. 

Observed. 

A^  =  700.38 

A  700.40 

X^  =  300.73 

Ifi  300.81 

;r,  =  803.30 

II,  803.30 

;ti  =  i  J  A^ ;  a:«  =^ 

n 

K 

+.03     ) 

—.00     Y 

.00     ) 
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Tho  line  b,  is  very  nearly  J,  or  more  nearly  J  J  of  ir, ;  the  lines  \,  E, 
D,,  are  very  nearly  jfj  (or  about  J),  J  J  (or  about  J),  and  J  of  II„  respec- 
tively. In  other  wonls,  Hp  b,,  A  are  nearly  enough  in  the  simple  har- 
monic ratio  8,  4,  0,  to  produce  luminous  beats,  or  darii  lines,  while  il„  b^, 
E,  Dp  A,  show  a  liite  appn>ximatiou  to  13,  15,  16,  18,  34. 

Tlio  tendency  of  the  harmonic  mtios  to  bec<mie  simply  geometric,  (Notes 
41-43),  is  illustnUed  by  appwxlmalions  to  the  ft)llowing  equations  :  B  = 

•iTC  ;  Di  r^-  v'a  F  ;  I),  =  i^'c^  K  ;  \  -_  V^C  h  ;  b,  =  V  b^  b^ ;  llj  =  Virila. 
The  first  of  these  equations  gives  the  following  accortlances  : 


Harmonic. 
a  :-^  718.51 

Observed, 
a   718.47 

Krror. 
-I-.04 

^^ 

-=  •«  r  =  686.67 
V  =050.35 

B  086.71 
C  056.31 

.04 
-f.04 

(2) 


From  (1)  and  (3)  tho  harmonic  series  in  the  following  table  is  constructed 
by  using  the  exact  harmonic  ratios  jj,  J,  J,  J,  8,  together  with  the  disturb- 
ing ratios  iJ,  ?J,  J  J,  (which  are  all  near  enough  to  J  to  produce  luminous 
beats),  and  J  J  which  is  nearly  equivalent  to  J.  Four  of  the  numbers 
which  appear  as  terms  of  the  exact  harmonic  initios,  (3,  3,  5,  8),  belong  to 
the  phy  Hot  actio  series  ;  one,  (0  =  3  X  3),  is  the  product  of  two  adjacent 
phyllotactic  factors ;  one,  7,  is  a  prime  number. 
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llnrmohlc  Ol^«»rv<Hl  Krmr, 

A.  Tl^KW  A    700.40  -^Itd 

«    71S.5I  H    71S,4T  I  m 

ft    «5«.rtT  n   (I}<<171  — sl>4 

4    Wt>.iV>  l^ftSOM  4.44 

4g  *v«8.^7  I),  »%ss  \n  *  .a4 

c     aw.  74  K   5x>rtS7  — ,t» 

,1,  5t7.Hll  »\,  5t7.V»^i  ^tl 

,^^  Mi\M\  \  fttO.rtU  -  ,4<< 

y.  4W.ll  F  48tV07  .t>lU 

f  4iU.tl  U  4«0.7a  .-|.5V^       * 

^  4t0.in  h  410. t'i  i  .m 

^,  mMV7\?  H|  mnvsi  -  m 

U\  \\w  h»nnonio  ihiUuuu,  fi^  >    Si  /i  *  r^4'  <  ^^'^^^  «^i'  «n«  oUt«UuHU\v  wu\^ 
t»Pb'J»K/»  l\v  fi.  ;$  una  },  rrj^iHvlivoly  ;  f       j  «.  huU  ,»»    -  K  J  '^  -    }  r 

of  oUwnnHlon,  iv*  iniUoiihHi  by  tho  lUrtVixMit  it^lnUviMV'itimttttv^  of  Utt<>*  in 
moirtlllo  !t|MHMm  by  tUtfortMil  oKHorvrrs. 

The  lnrt«i»iirtM>f  n^liillvt*  rwi  rtisi  )mM\V(H'|)  Iho  chlot  tn»iun*!^  of  iWn^liy 
niu)  ofnucUNUlon.  Vittrth  mut  8«n»  U  Miown  \m%\\\  I\v  ihr  »|H>tnnuw  «mi  by 
\\w  moAn  nipluHun  Uni  of  tho  |^rinot)>A)  plnnotAry  mns!(o^H«  4uHtor  ciiul 
SiUurn.    8«rh  iulhuMun*  In  a  iuH^*»j»iiry  o>«*<Hjwnux»  of  tho  iHjWHUty  ot  «io. 
lion  mul  nniotlon  in  tho  intor\'hiinyrt'9  of  n'thoron).  moUvtihir  hiuI  ^Hv*tuK>fcl 
ris  r#isi.    Tho  louu.  or  tho  iwtHin  of  \\\\  tho  i;ravUiitin$t  otHvh^rntlow!*  M|H\tt 
tho  n^ihort^ttl  iwrtlrlo!*  U\  m  nuUu»  vootor  l\v  iniohof  twomutttnUy  AttmotlujK 
IhhUoi*,  !:•  |>ro|M>rtlontHl  to  thoir  ro^innilvo  itm^^so^  ^r  OC  m.    Tho  ro^ulttnjt 
«u»ttn  m  ftV«i  of  su!K«4iUom^\  m^f^,  \i^  \^x^^\>^^T\\\mK'^\  tothoowho^of  thoum«w^ 
Nttjiivut  rM  nVii  U  •«  \  orhltnl  W*  Hm,  or  r*  \  n»imv»outiUlvoorhU*\  |^tx\ 
JtHtion  Ajniittst  ttntfimu  A*thor\»i\l  rts-^Utwiux*,  or  d  j?  \  tho  t^rro^i^MttUnur 
tirtHOoni  j%r\»JoiMlon.    If  wo  tuko  tho  th<Hm»th^ttl  tv^olUntory  wtio  l^otwot^n 
tho  ttiHwoit  nt  tho  ohlofi^ontn^i*  of  i\o«*ity  nnd  ntio\t^»tKm.  m^      ^WTtfi  #•<,; 
^„,      lW7Sa7tH>  mlh*!»      t4tU»tHHHHHH»  motr^^j^    lU'^nt^  tho  tm^^^rtion*  i 
14WW1H¥HHHH>  :  JW177««  ;  ;     :? «  :  ,tHHHHHHH>tUt4it^* 
141>5«WH¥¥HH>  :  JUU77t\»  :  j  5  «?   :  .tHHHHHHHHMWOT» 
Both  of  tho5»o  vAhtott  n»|^n\'»o«t  n|HHiml  w»vo  )oit)tUi9,  vw\o  boluit  »I»<mH 
otto  i^^r  tvnt.  jtrt'^Uor  thAit  h»  tho  othor  ulnMit  )  of  ono  |>or  ivnt  \o«»^  th*ul\ 

Tho  wtlo  hotwoon  tho  Vrthio*»  ,,  Ms^tothorAtloofCtoli^  ),  «uk  8m\V^ml> 

aiAiuotor«  t,  U  to  tho  twoAu  ntptttdnjt  YiMxit^  \otMor  of  thotn^ntrt^of  jtnurliy 
of  Stin  wna  Juplu  r.  t.OtS.VK  Tho  prx\|ootlh^  mtloof  4l4^5W  t\f\^mlu  .01014^ 
<!»  to  tho  im\iootih'  iii,io  oil'  t^tM«  tVV>.7J^  aHVS4H,  a»  Jupltor^tuoM)  |m\to<^ 
tlou  lV\Mu  S\in»  a,*^>il  U  to  Sutttrn'H  moun  |>ri\)ootUui  (Kuu  4u|4ton  4SK3i^ 
\^lUila  I  ofonoiTiit. 


18SL]  613  [Brinton. 

The  NameB  oj  the  Ooih  in  Vie  Kiche  Myth%,  Central  America,    By  Daniel 
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of  the  Klohes,  the  Ai/)o<  Fu/i.— Aids  for  its  Btiuly.— Meaning  of  Its  Title.— Bi- 
sexual Divinities.— Hun-ahpu-vuch,  the  Opossum  god.— Hun-ahpu-utlu,  the 
Coyote  god.— Tolenilo  worship.— Kukl-uUna-tKlx.  the  White  Badger,— Nlm-aU, 
the  Great  Hog.— Tepeu,  the  SyphllUlo  god.-CUicumatB,  the  Feathered  and 
P.umed.— The  Heart  of  the  Sky.— The  Master  of  the  Green  Dish.— The  first 
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Haxa-nanauao,  Nagualtsm  and  Noh,  the  god  of  Reason.— The  tribal  gods,  Tohil, 
the  Just,  Avlllx,  HacavltB,  etc.— Thu  myth  of  Xbalanquc.— Xlbalba,  the  Un- 
derworld. —  Derivation  of  Xbalanque.— The  Hbalamob  of  Yucatan.— The 
Patronsof  Arts,  Hun*batK  and  Hun-ohoven.— AtAnlties  with  Axtec  Myths.— 
Color  names  In  the  Myths.— Conclusion. 

• 
Of  the  ancient  mces  of  Amoricu,  those  which  approached  the  nearest  to 

a  civilized  condition  spoke  related  dialects  of  a  tongue,  wliicli  firom  its 
principal  members  Ims  been  called  the  "Maya-Kicho*'  linguistic  stock. 
Even  to-day,  it  is  estimated  that  about  half  a  million  persons  use  these  dia- 
lects. They  are  scattered  over  Yucatan.  Guatemala  and  the  adjacent  ter- 
ritory, and  one  branch  formerly  occupied  the  liot  lowhuids  on  the  Gulf 
of  Mexico,  north  of  Vera  Cruz.  • 

Of  the  sixteen  ditierent  dialects  into  which  this  stock  has  bwn  divided, 
the  Maya  was  considered  by  that  eminent  authority,  the  late  Dr.  O.  II. 
Berendt,  to  bo  the  purest  example  ;  although  it  has  also  been  asserted  that 
the  most  archaic  forms  and  structure  are  to  be  found  in  the  Zakloh-Pakab» 
otherwise  called  the  Mam,  s^wken  in  a  portion  of  the  province  of  Socon- 
nsco  and  Chiapas,  b}'  a  tribe  which  alone  of  these  natives,  so  far  as  I  know, 
claimed  to  be  autochthonous.  The  Mam  is  agglutinative,  and  its  gnim- 
matical  structure  is  complex,  traits  much  less  marked  in  the  other  mem* 
bers  of  the  group. 

The  so-called  "  metrt>politan  "  dialects  arc  those  spoken  rclativel}'  near 
the  city  of  Guatemala,  and  include  the  Cakchiquel,  the  Kiche,  the  Pokon- 
chi  and  the  Tzutuhil.  They  aix)  quite  closely  allied,  and  are  mutually  in- 
telligible, resembling  each  other  about  as  much  as  did  in  ancient  Greece  the 
Attic,  Ionic  and  Doric  dialects.  These  closely  i-elated  members  of  the 
Maya-Kiche  family  will  be  referred  to  under  the  sub-title  of  the  Klche- 
Cakchiquel  dialects. 

There  are  well  defined  phonetic  laws  which  have  governed  the  growth 
of  all  these  dialects,  and  several  of  them  have  been  clearly  set  forth  by 
M.  Hyacinthe^e  Oharencey  in  a  comiMvnitive  study  published  some  years 
ago.*    In  regard  to  their  phonetic  system,  it  may  be  siiid  that  it  is  chamc- 

*  Recherchen  aur  let  Loia  PhoniUquea  dana  Ua  Idiomca  de  la  £\M\iUe  Jfa»ae-i/uo«- 
Uqu€*    Kevue  do  Lingulstlque,  Tome  y. 


K^rUtHl  hy  num«»n)u«  lu^rs^h  irutiumlst.  by  Ul»«^in$t  m>uiu)»,  and  oxpltwiiv^  or 
'mUmowhUmj?**  <H>tm^iiAiiL%  wlilrU  sirlkt*  nu>»t  KurtHK^n  wiw  vUs<a|tn[K««Wy» 
Miui  ill  \\w  AlphAlH'llo  ri>im'taouliillon  of  >vUirh  Uiort^  K^  no  unlt^^nnUy 
wmottjinuiUorH.* 

Tht»  ohMlliMtion  of  tho*t»  |mh>|U<»  >va*  ?»«ch  thai  thoy  iwiM  \^rk>u*  w«i?- 
monio  *l>rn3k  appriMoUlnjt  ^^^f  ftli»lmlH»l»  to  rtH>>n\  aiut  rxn^U  XhK^ir 
mytUotojjy  anU  bUiory.  FmgmoniH,  mow  or  li*»*  iH>mnlt»t*\  of  lh«sw> 
tvHiittlt>»H  tmvo  tHH'n  prv'sorxnt,  T\\v  muHt  uoiaHo  of  ttio^o  U  \\\t  Natlt^nal 
l.o«xMut  of  tb<»  Kirhosi  of  tUiatomata.  \\\^  *o  aiUinl  /V/h*^  V^A.  It  x^a* 
>\Httoti  nl  an  unkuo>vn  dato  U\  itio  KioUo  lUal^n  by  a  nativt^  who  'wa^ft 
faiuUlar  wUh  itio  aiioiont  itHHrnt;*.  A  8|)aniA)i  tran^tatlon  of  It  wa*  rnati^? 
oarty  In  tho  ta*t  tH»«lwry  hy  a  Sivtul^h  prlcsu  Fatlif>r  Francljt<i>>  Xlnx^'n^ik 
juut  wa.'*  tirst  pnhlUhiM  at  Vlonnrt,  tS5T  f  In  iJ^ttl  I  ho  orl,«lnal  toxt  xva* 
^^rint^^l  In  Park  \\Uha  FivnoU  tnuushuUm.  hy  iho  t^iro  of  iho  laU"  owl- 
nont  Amorhninl>t»  tho  AUIh'  Unis>our  v^^*  HonrlxnirjtV  ThI*  oHntUvnl 
oovoi^  alH>«t  17*^  tHMHvo  lv^^^^^>k  f^\\\\  Is  thoivt'on*  hijthly  lm|H>rtant  a*  a  Mn- 
tluUtIo  IIS  woU  tts  »n  an^hHH^Ioiiioal  mouumont^ 

Uoth  thoso  trannlailons  ar<^  justly  o^nni  to  crUlolsm.  It  notM*  bwi 
lUtlo  study  to  soo  tliat  tho\  aro  iHuh  sm»n«lv  \H»hmM  hy  iho  vlow  wtik'li 
tUo  n*s|MHMl\o  trauslrttoiNontortahuHl  of  tho  pw^vivsoof  tlio  oH^naU  XU«^^- 
no«  thoujcht  It  \va»  prlnol|Mlly  m  satiro  of  iho  dovll  on  Ohri^tianltys  ami  a 
sniiro  s|m*ail  by  him  to  onir^i)^  souls ;  Hmssonr  MloxM  It  to  tv?  a  hlsl^Mry 
of  fho  anolont  \v«rs  of  iho  KHu^  aiul  (fWHiuontly  oarrlos  his  KnhonioH^^i 
M>  tfar  a#  tb  dlsiori  tho  souso  of  iho  orijrlnaK 

What  h;»sa*UhHl  to  iho  illlWonUy  of  t^mvotln^i  thoso  or^xno<i>u*  hni^w^- 
Mons  Is  tho  ovtr^Muo  |wuoit\  of  matorlal  t\xr  study Inj?  tho  KIcho.  A 
ifi^mmar  nrltton  hy  Xlmouo#  hji't  buhvd  lanni  publlslio^l,  but  no  dW^ 
tlortttrv  Is  a\aitat>U\  If  xxo  o\^vpt  a  briof  **\\vabul«ry  of  ttio  IMnoii^) 
IbnMs'*  of  thoso  d'ahvts  b^\  tho  <iuno  author.  »hloh  Is  alm^v^t  n^^^losfeii  ivxt 
criiloul  jnirjHVMw, 

It  Is  not  surprl>h»)r>  thoivt\Mv.  ihut  souu*  »rhor54  havo  rojiatx^od  ibis 
h\cx^ ml  w  It h  suspicion,  and  hjixo  >)Hikou  of  It  as  hut  llttio  Wttortban  a 
|j\to  nmuuu^*  i\MUHvt<Hl  t»y  a  .vhiv\>d  uatlvo,  who  lHm>uvo\\  man;^  of  hi^  ^n 
ol^lonts  ft>un  t'hiistirtn  lonohlu.^^.     Such  an  opinion  will  j^sjjii  a^\ ;\\  \xb<'»x 

•  Arttt^r  *»>u\*  no\UttH*>«  X  navot%tt«)pi\iHt  tho  ortl\«^mt;>by  AT^m*-  twMo*4  <vf  |4%* 
uioiv  u»utit  i^Hi^W,  Tho  tui)t<U  tt'tUM  In  \\\  ictoi  u%'ttnor  i(^  iuw^«  Uut  a  r^xa$:n  «^«l^ 
f  urut  iv|«VMMUtst  l\v  tt  p«vuli«o  It^Ho.  u»  iU«^  Mmuu^^rtpt*„a4ut<vvr  U*r  ^o,i'  ,.  .'^^ 
wUtoli  wo  tmvo  uotht»>s  t*>  *v^MV^}vM\tt  hi  Kuin^>o«o\  MtpnaUots.  IV  »W,v«*55 
tr«usmoriM«sHnomouo<iH  K^i.  ^«»c  «»ut  «»vnu  »mm  Us  l^t^(u}Et«>iUbo  vi-n^vto  \>*  -.>^ 
otM ixhM*  tt  proNOUts oxMxiMviou  witli  tt\o t)«)uK';ii,  t  of  IVm«  A*«W^ ts a  <<ti^^p<i>M^«% 
of  *«^ur  io.  mucl^  m<oi>,Amt  o^**  uvon  I'ho  «v;t(\t>|gtv^Wty  a^b^n^i^Ht  t^y  M«v  A. 
h\  ti<i«\toUoi\<*«xl  oi^Miiosi  l\v  turn  to  l>i\  tW»Vh»tJ.  !x*  \x  \\y  i)i)H^<fs  tVv»(*  %  .<******«^< 

>hOUt«(  UOI   bo  M^OplKSt.  aJl  tt    In  WtttU^Ut  aUttUvrtt^N,  ;Out  tU0¥^M4ft«  ll^*^  tMMt'*^^ 

oi  o^M^nisiou  \xttU  ttio  IVnixttui  lanitim);ix\ 
Jii^  l\  K*  Kuo»ojno\>  Xtiuouoiu 
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the  original  is  aocuratoly  tmiislated.  To  one  familiar  with  native  Ameri- 
can myths,  this  one  bears  undeniable  marks  of  its  aboriginal  origin.  Its 
frequent  puerilities  and  inanities,  its  generally  low  and  coarse  rango 
of  thought  and  expression,  its  occasional  loftiness  of  both,  its  stmnge 
metaphors,  and  the  prominence  of  strictly  heathen  names  and  latencies, 
bring  it  into  unmistakable  relationship  to  the  true  native  myth.  This 
especially  holds  good  of  the  first  two-thirds  of  it  which  are  entirely 
mythological. 

As  a  contribution  to  the  study  of  this  interesting  monument,  T  shall  under- 
take to  analyze  the  proper  names  of  the  divinities  which  appear  in  its  i>agep. 
The  especial  fiiciUty  that  I  have  for  doing  so  is  fVirnished  by  two 
MSS.  Vocabularies  of  the  Cakchiquel  dialect,  presented  to  the  library  of  the 
American  Philosophical  Society  by  the  Governor  of  Guatemala  in  1836. 
One  of  these  was  written  in  1651,  by  Father  Thomas  Coto,  and  was  based 
on  the  previous  Wf)rk  of  Father  Francisco  Varea.  It  is  Sjmnish-Cakchi- 
quel  only,  and  the  final  pages,  together  with  a  gmmmar  and  an  essay  on 
the  native  Calendar,  promised  in  the  body  of  the  work,  are  unfortunately 
missing.  What  remains,  however,  makes  a  folio  volume  of  072  double 
columned  pages,  and  contains  a  mass  of  information  about  the  language. 
As  no  |>art  of  It  has  ever  been  published,  I  shall  quote  ft*eely  fkt)m  it.  The 
second  MSS.  isacopy  of  the  Cakchiquel-Spanish  Vocabulary  of  Varea  made 
by  Fn\y  Francisco  Ceix)n  in  1690.  It  is  a  quarto  of  403  pj\ges.  I  have  also 
in  my  possession  copies  of  the  Compt^ndfo  lU  Komhrfs  en  Ijengua  Gakchi- 
qufl,  by  P.  F.  Pantaleon  de  Guzman  (1704),  and  of  the  ArUy  Vocobulario 
df  la  r^ngxM  Cakchiqud^  by  the  R.  P.  F.  Benito  de  Villacaflas,  composed 
al>out  1580,  as  well  as  a  copy  of  the  Memorial  de  IVepan-Atitlant  an  im- 
portant recoixl  written  about  the  middle  of  the  16th  ceutury  by  a  member 
of  the  royal  Cakchiquel  house  of  the  Xahila.  These  formed  part  of  the 
invaluable  collection  left  by  the  late  Dr.  C.  Ilernv.um  Herendt,  and  have 
aided  me  in  my  researches. 

Father  Coto  himself  tells  us  that  the  natives  loved  to  tell  long  stories, 
and  to  repeat  chants,  keeping  tin\o  to  them  in  their  dances.  These  chants 
wcvQ  called  nuguni  tiih,  garlands  of  wonls,  from  (M,  word,  and  nug,  to 
fasten  flowers  into  wreaths,  to  set  in  onler  a  dance,  to  arrange  the  heads 
of  a  discourse,  etc.  As  prcvserved  to  us  in  the  Popol  Vuh,  the  rhythmical 
form  is  mostly  lost,  but  here  and  there  one  finds  passages,  retained  inUict 
by  memory  no  doubt,  where  a  distinct  balance  in  diction,  and  an  effort  at 
harmony  is  readily  noted. 

The  name  Ihpol  Vuh  given  to  this  work  is  that  applied  by  the  luUives 
themselves.  It  is  translated  by  Ximenez  "Hbro  del  comun,*'  by  Bn\s- 
seur  "livro  national."  The  word  popol  is  applied  to  something  held  in 
common  ownership  by  a  number ;  thus  food  belonging  to  a  number  is 
popol  naim;  a  task  to  be  worked  out  by  many,  popol  Bamah;  the  native 
council  where  the  elders  met  to  discuss  public  affairs  was  popol  tzih,  the 
common  speech  or  talk.  The  word  pop  means  the  mat  or  rug  of  woven 
rushes  or  bark  on  which  the  family  or  com^mny  sat,  and  it  is  possible  that 


tlilii)t  ill  (Hmimoii.* 

Vuh  or  MM  A  U  III  Kioho  iim)  (%\kohU|\io)  \ht>  \\\\x\\  for  |Ki|»fr  luu)  IWhtJt.  li 
i«i  nn  oritfiiui)  \vn\\  \\\  K\\v#%^  iiiu)  (Huuioomh)  iliuUHiM,  \\w  Muva  liHviu|{  MVt*A« 
rt  loun\  wiiilutf.  M,vA.  lo  \\t\u\ 

Tho  ojMMilnn  woi'tU  of  iho  Po|h>1  Viih  liithM^iioo  iw  ut  oiuv  to  ttit> 
luiiihly  iimt  m\i«loHoui*  ^llvluUy  wlio  U  tho  mmuvo  uiut  nui»o  of  nil  tUin)S^ 
tuu)  to  \\w  oiiuinul  oo\ipW\  iiuilo  uiul  tVioult^>  \\Uo  In  \\\v\v  tHM'TtoiiA  nm) 
iliolr  |>«>\vpiT«  t\pu\  tlit^  MAuul  iiiul  ivpi>uhirtho  prliioi^iUM^t' or^iiilo  Ut\v 
Ttirxi*  woitln  uiv  u^  t\01o\>i : 

"  Wo  nw  to  l>ritig  roi^wat^l  tho  tiutuirostutiou»  tho  iv\ohuio»^, 
"tlio  lUvlunitioti  of  thnt  whioh  was  hiililou,  tho  onlightoiuuotn 
''ojiummI  \\\  Uini  wht*  i^ontos,  llim  who  tushions  otvntutv.s 
**  Uor  who  Ih^mts  son.s  Hiiu  who  In^gots  .sous,  whuw  iutiuo,s  aiv 
**  Hull  Ahp\»\'uoh»  llutv  Ahp\i  rti\i»Znki'Nitun-'IVviATo|HMt» 
'^luioMiunt/.,  Qu\  oht>,  (^>u\  juUo,  Ah'ravii-htk,  Ah»t\t\a->x^h 

*' AtuI  nhnis^with  llitu  aro  >uu^  «uilot^h>hratotl  in  tho  Kioho 
"hislorios,  tluvM>  who  luv  omIKhI  tho  nuoosttvss  juul  tho  «ttiH\^' 
*Moi\  hN  luuuo  Xpiuiooo,  XnHioniu\  tho  prost^r\ot\  Uio  pt\>ttv- 
"tor;  twioo  o\or  ^^nMuhuothor,  twioo  t^ot^  gnuullUthor*" 

U  \\\\\  Ih»  liriv  ol»j»onnt  ttmt  tlu^MlorbimtUm  wt  \\\v  \\\{v\\\\\W^  of  th^» 
IU«l»rMtllxlnU\  riiitm*oo!*«INtlnoiJ\  mau«1  \\W^*,  \\\\k\  hMM*HMHHU^iUH>  ollht^r 
i»r  u  ooul\i«»|oii  tU'  tlioutsht  or  oUt»  of  II  iloUt»onito  purpost^  lo  w  \\W\\  wv'i^xwX 
wmwvYx^wn  \mn\\WU  ill  OivrUui,  K.u>t«t(un  k\\\\\  Ov\\^\\U\\  m,vihotoj£^>\  lUU 
♦llxiiilty  U  ivpivj«outiHl  u»»  imitmiriiiir  \\w  juiwtM'H  luul  t\iiiolloiiH  «it' IhmU 
Ht'\tw  hi  liU  o\\  II  iMM^oii  ;  iiiul  tt  is  oiiHoii?*  IliiU  hotll  tioiviiiut  hi  \\\%^  mh^muI 
imniuniph.  ihr /«««•♦/€•  utliitiutos  iiiv  iiiuiiiHt,/ilr<«^ 

Tho  woi^t  .Im««m,  hor  who  \»o«i^  MtMi»»  or  Iuim  }t\MiH  \^^»  4MMy«rr  ^m««  f»rM# 
*,(»,»<»,  t'oiol  U  I'lHmi  tho  xoHmt  t'oiiii  »»/»iA»  to  t^rhi^t  t^MMh  ohltUiviu  h^^^tf 
O^Mii  tho  prhiiltiNo  «ii\  ilio  won!  hi  utl  thU  \i\\^{\\\  ot'  tmi>tUHgt^H  np^xthnt  ^^r 
tW  i^ ••!♦,»*♦  *»/W(v  u\  \\vv  MMV    Tlio  lUtlior  u^o^t  iiti  oiiihvt)  ^Uttoiviit  ^vo^^,  lo 

\\lt»   ^'.»A.»/     Tlio    iioUxo    t\mii   of   thl«*.     (^»A»»/ow  t^\\  tioloiii)  U  tU^l 

traiislj^hnt.  \U^  who  I^oijoIh  *ioiiJ», 

KliM  ill  tho  *«poolr\o  miiiioM  wf  itlvhihv  ,tfi\«  ii  i?*  //m'«  »tA^»M  i^moV  *tV  xW 
ilxo  rtiiy  iiptm>piiuto  tiiiiilthnuKMi  lor  thU  tiu>  iOM\|»Unol\  tuittloi)  \\\\  |xiwUm* 
MintoulMOt"  tlilM  iiiuhtUottx.  //<{•♦  Ij*  tho  iiuiurml  .»*♦<'»  tint  wtiioh  ^Ij*^v  i^* 
III  niOMt  toiiytuo*.  htiJ*  ttio  oihor  uioiuiliijfH  oi  th-i.  lUivimvM.  >otr,  uii^iiOv 
iinv«t  |MMMiihioiit,  *Mhoouo/'  ohv  Ah  I**:  l!*Ooii\\\t  hoih  l>y  \lu\oiio«  iux^\ 
ItiiiHM^Mir  tixMU  tho  pivtU  .tV  whIoh  N  iimmI  to  M^iiiUy  know  lottjst*  or  |Hvk*iv>» 

♦  VUi*  niouDina  "n  linlUonua  of  lowvo*'*  ttk^unt'it  to  lh«^wol^t^|^^^»Ht^l\Y  Mi\ 

A      K    l>HIUlollt^r    til    tt    ItH'OUl    l^l^or    V  l^i»"**»*^n»H*    ♦*#     fhifi    .^mM^HHtH   ,^MU*\   *<v4, 

^vi^irHtHvt,  VuU  %\Mt»  V  v'^i^?**  t  KhouM*  )«riluM'*.  iii*'iithm,  tw  oMorto  wnji  tlmi  ii  |« 
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sion  of,  control  over,  mastership  or  skill  in,  origin  from  or  practice  in  that 
to  which  it  is  prefixed  ;  and  w6,  or  pnb,  the  sarbacana  or  blowpipe,  which 
those  Indians  used  to  employ  as  a  weapon  in  war  and  the  chase.  Ah  pu, 
therefore,  they  take  to  mean,  lie  who  is  skilled  in  using  the  sarbacnne. 
Vufli,  the  last  member  of  this  compound  name,  is  understood  by  both  to 
mean  a  species  of  fox,  the  tl<tenatzin  of  the  Mexicans,  which  is  the  Opossum. 

In  accordance  with  these  derivations  Ximoncz  translates  the  name  Un 
Hrador  tatuasin^,  and  Brasseur,  U)%  Tirenr  d«  Sarbacnne  au  Sarigw, 

Such  a  name  bears  little  meaning  in  this  relation  ;  little  relevancy  to  the 
nature  and  functions  of  God ;  and  if  a  more  appropriate  and  not  less 
plausible  composition  could  be  suggested,  it  would  have  strong  intrinsic 
claims  for  adoption.  There  is  such  a  comi)oshion,  and  it  is  this  :  The  de- 
rivation of  Ahpu  from  ah-pnb  is  not  only  unnecessary  but  hardly  defensi- 
ble. It  is  true  that  in  Cakchiqucl  the  sarbacane  is  pub,  but  in  Kiche  the 
initial  p  is  dropped,  as  can  be  seen  in  many  passages  of  the  Popol  Vuh, 
but,  this  apart,  the  true  composition  of  this  word  I  take  to  be  unquestion- 
ably ah'pnZy  for  puz  has  a  distinctly  relative  signification,  one  intimately 
associated  with  the  most  recondite  mysteries  of  religion  ;  it  expressed  the 
divine  power  which  the  priests  and  prophets  claimed  to  have  received 
from  the  gods,  and  the  essentially  supernatural  attributes  of  divinity  itself. 
It  was  the  word  which  at  first  the  natives  applied  to  the  power  of  the  for- 
giving of  sins  claimed  by  the  Catholic  missionaries ;  but  the  word  was  as- 
sociated with  so  many  wholly  heathen  notions  that  the  padres  decided  to 
drop  it  altogether  from  religious  lunguage,  and  to  give  it  the  meaning  of 
necromancy  and  unholy  power.  Thus  Coto  gives  it  as  the  Cakchi(iuel 
word  for  MagkOo  Nigromantka,  and  under  the  word  I^ttkr,  has  this  in 
teresting  entry  : 

"Poder :  vtzini^abal,  vel  rtzinta^ibat ;  deste  nombre  usa  la  GartiWi  en  el 
"Credo  para  decir  por  obra  vel  poder  del  Spirito  Santo.  Al  poder  quo 
'*tienen  los  Sacerdotes  de  perdonar  pecados  y  dar  sacn\mentos,  so 
'Mlaman,  o  an  llaniado,  ;)m^,  nafcal.  Asi  el  Pe  Varea  on  su  Dkcionarlo 
**y  e\  Sancto  Vico  en  la  Theologia  Tndorum  usa  en  muchas  partes  destos 
"vocablos  en  cste  sentido.  Ya  no  eslan  tan  en  uso,  pues  entienden  por 
"el  nombre  j)f>(f<T  y  ttziaia<^ibal ;  y  son  vocablos  que antiguamente aplica- 
"ban  a  aus  idolos,  y  oy  se  pmcura  quo  vayan  olbidando  todo  aquello 
"con  que  se  les  puede  hacer  memoria  dellos.'* 

The  word  p\it  is  used  in  various  passages  of  the  Popol  Vuh  to  express 
the  supernatural  power  of  the  gods  and  priests,  but  probably  by  the  time 
that  Ximenez  wrote  it  had,  in  the  current  dialect  of  his  parish,  lost  its 
highest  signification,  and  lience  it  did  not  suggest  itself  to  him  as  the  true 
derivation  of  the  name  I  am  discussing. 

The  third  term  Viich  or  Vugh  was  chosen  acconling  to  Ximenez,  be- 
cause this  species  of  fox  is  notoriously  cunning,  ^* por  ttn  astueia,''  It 
seems  to  me  on  the  wMiole  probable  that  this  is  orroct,  and  that  we  have 
here  a  reminiscence  of  an  animal  myth,  such  as  we  might  suppose  in  an 
early  stage  of  civilization  might  have  grown  out  of  the  story  of  Reynard 
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\\u>  Vi%\.  It  U  rortiUn  llmt  ouuniu^  mu)  iMitutt^im^  U\  Hnmll  Uihin^  nr^ 
Irnitu  of  rhunuMor  oxitHHliu.u)>  nilmlnH)  by  \\w  vuln^ir  And  umnlmt^ttHl 
i^xorywbonv  \m\\  \\  Ui\\\\W  )Hvulhlo  timt  thov  nimo  to  \w  UH>ktH\  \i)Hkn  «^ 
llt>p^^prinlo  HllrUmtos  ottho  h))rb«^'«t  t^MunMvntOo  tUvlnily,  ah,  hutttnl.  lltt^ro 
U  no  \\\\\\h\  Imi  xUwX  tUoy  wort>  nutni^t  Itio  At^iMtkiii  ttiul  lUtiov  huiitlug 
lrlW>«  otMho  Noritu 

lUit  \\\\\U\  M«  I  mu.  I  Htu  IdoHiuh)  to  iiiMvpt  itio  rtMuU^i^U):  of  ViiyA  iia 
tlio  (hiouiit^iiv  It  bi^t  not  thU  nit^nlu^iS  outy.  h\it  («ovt«m)  oIImmx  «i\Mut«  t»f 
widrh  an^  HO  ?im:it\''»tl>o  tlint  I  »tmU  tiMoto  wtmt  F»»tht»r  (\>to  lw>  to  ^i^y 
o«  tho  !»ut»Jool  \\n\Wr  \\\v  \voi>t  /^i/x»<h».  »o  tUut  tho  riH^tlor  may  «i)o|»l 
Hiiottit^r  iut«uuin>;  If  ho  otirnvM^x. 

*'ou\t  );iMUM\»  \\\M^  ooiut^  ixilliuu^  rl  Moxioiuio  to  \h\\\\\\  tAotmt^lu  ;  n  «vitt(» 
**  tUiuiUi  y*tjh  ;  >  iiotu  «)Uo  o!«io  iuo!«uio  uouOtro  tiouo  un  )^Mum>  ilo  h^Ht^ 
''on  tiuo  otm  Um  plo<*  tluu  tuiottuH  n  im  jmlo  .  ttnuttloii  sij^uUtniot  toml»tor 
*mIo  ouor|M»  4U0  *tn  COM  ttt  toivittiui.  t»  lu  luliiuu  <^^^<^lon ;  Ht|rulttt>ti  aaI 
*Muo^mo  ()uantto  ^utoiv  yu  nuuuiosoor  tuttiot  |m»uo»m*  o^ouro  ol  oiolo  » 
*M»ukt»ioii  ()U)Uuto  ituolo  oHtar  ol  ajTim  dot  Ho  o  In^^unu,  |hu  i«iiti|M^(HittM^ 
*\hK  outionto.  \\\  tul  outoiHttU*  Uuumii  r««/A/* 

t >f  t tioMo  vrtritmH  nuvuUu^trt  ono  U  tompttnl  to  twko  timt  ^liMi  n)^t^1io« 
tlMMXont  to  "  tUo  ttarkiuv**  that  inmit***  In^foiv  tlio  iluwii/'  atnl  tSMUtoiH 
Www  rth|>u  xuoli  >vliU  ttuMummit  J^UH.  tUo  t\>rontuuoiN  of  tho  \\^\\U  Hk<? 
tho  '*Klohlpmrti.  ituwo  wtio  uuko  ttio  ituy/'  ot  Al^mktn  t«yttiolojt)\ 

Ttiort«  U  n  oiiHouii  tviH^^n^st)  la  tho  Popol  Vuh  xvhioti  lul^ttit  U'  Imui^^ht  U|» 
ill  siimx^rt  «M*  «kuoh  AU  opUUon.     It  tUHUUN  At  a  o^M'taht  porUnl  of  tho  hlMvu'^v 
i»f  tlio  loyttUoat  lioro  IhiiuihtMt.     Tlio  tt»\t  n^nl*  : 

'*  Art^oul  lAolit  r'uU  «i^ktrU\  **  AuU  now   U   WA*  About  to  tvMSMUt^ 

\itut**» 

*'  CU\  9  «Ktnrlu,  \\\\\  lht>  ^tAwii  tNimo» 

"  V  \wvkti  ou  \)««)UtAUolil«\  Ttio  ilay  t>)>on^l, 

'*  \io »  \-u  oh'Mx  1*1  vuoh?  *  t^  iloi»  A>\  At»o\U  t**  tv?  t  * 

*'  \*«\  xoUtt  r\  AUMUA«  Y<»i«,  AAitworwt  tho  \>U\  \\m>\. 

*'  t^l  olU  \:u|iUnio;  T)\<«li  lio  ii|irotut  A|MO*t  tU>*  lofiH ; 

*'i^»ttt  tu  otu  tft'KuioArotito;  AuhIu  tlio  Ui\rKnoH«  A|^|»oAi^t : 

**  iNilooit)  \tM|uh)  r)  lotontu  K«»»r  timo*  i\\^  oUt  iuaa  «)»iv««t  bl«  1oki« 

»*r«»  \«n»t»*VuoU»"  o«*  ohA  vtirnK  va*  **  Now  iho  Kox  upriNiU  titw  l<4aV  »a>  iu^ 

iMIIllO.  )»««O|)|0  \'^\  (lOOAUtUtf  thAl  lUo  «Ia>'  A|W 

ThU  |MJt>iiirt\  ?Mi\!«  tlio  AtitM'  th-i^Hsrur  U\  \\U  uoto  to  tho  |^jio»  *'t>»u*v>^W 
A  uuhum'n  hAviutf  rolutioh  to  tlio  Auoiout  J^»no^hu*  thin^HoA  ^^*  Moxux^  aiiU 
TouinU  AnM*vloA/' 

Tho  douhU'  luoAiUntf  in  thU  to\t  dopon^H  tvirtt\  on  thovort^jt^iyMiMi^t'AM^ 
Ttu»  Al>l>o  m^yn  ;  *'  A'«m/iii'»  nlijulrto  inivHr  It^ji  j.ooU'n,  ot  •♦M  tm  tm^h  r^  k> 
jMirl«:\io.  l*our  o\t»dnn»r  quo  U»  Jonr  |>Anit.  on  \U\  trxtnoUotnoiM,  W 
jiiuitftn^  onlr'onvi'o  lt>!*  jAUituw  "  TtiU  >\or»l  U  l^^MU  tlio  vvuno  i\aH  «i»  ih^ 
MayA  A*«»t*A»  to  npiXHut  ttn»  foot  A|virt»  ^^iK'MiitiA,  to  Atm>A\t  th*-  IrflA  0*K» 
Port^/..  />#tv#\»/«»iri\») :  C'Akohlqiu^t^  /»#♦  .iMiSi6«i  isi,  I  A^mntil  m^'  lojj*  v  J»*  <*^^ 
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Ins  pier fUM,  Colo,  Vocabulario.)    A  modlfic&tion  of  the  root,  to  wit^  ^'og, 
means  to  open,  generally,  a  door,  window,  etc. 

The  Abbe  adds  that  the  expression  referred  to  by  the  writer  of  the  Popol 
Vuh  aa  a  common  one  to  express  the  approach  of  day  is  no  longer  in  use  ; 
but  it  had  not  become  obsolete  in  Coto's  lime,  as  the  following  passage 
shows  : 

"  Kseiiridaci :  una  que  ay  quando  quiere  amancsccr,  f>ugh;  tan  ti  xakin 

Here  we  have  the  precise  expression  under  considomtion,  and  as  it  is 
also  given  by  Guzman  ( Compendio  de  XotnbrcSt  p.  32)  it  is  probably  an 
error  of  Brasscur's  to  consider  it  obsolete. 

So  long,  however,  as  there  is  no  further  evidence  to  support  the  identity 
of  Ilun-ahpu-vuch  with  the  dawn-heroos,  we  may  reasonably  explain 
this  supposed  genesiac  myth  as  based  on  the  houiophony  of  omcA,  fox,  and 
vuck^  the  darkening  before  dawn.  This  homophony  contains,  indeed,  rich 
material  for  the  development  of  an  animal  myth.  Identifying  the  fox  with 
the  God  of  Light,  just  as  the  similarity  of  the  Algonkin  teauhinr/t,  the  dawn, 
and  itauhoit,  the  rabbit,  gave  occasion  to  a  whole  cycle  of  curious  myths 
in  which  the  Great  Hare  or  the  Mighty  Rabbit  figures  as  the  Creator  of 
the  World,  the  Day  Maker,  and  the  chief  God  of  the  widely  spread  Al- 
gonkin tribes.* 

The  result  of  the  above  analysis  is  to  assign  Ilun-ahpu-vuch  the  signif- 
ication :  "Tlie  One  (or  chief )  master  of  supernatural  power,  the  Opos- 
sum.** 

A  main  reason  why  I  retain  the  meaning  Opossum  is  that  the  names 
which  follow  are  unquestionably  derived  fmm  animals.  The  second  Is  //em- 
AhpU'Utiu,  The  last  factor,  nHa  is  the  wolf,  the  coyote,  an  animal  which 
plays  most  important  parts  in  the  native  cosmogonlcal  myths  all  thn^ugh 
the  Californlan,  Mexican  and  Central  American  tribes.  In  the  Records 
from  Ttcpan  Atittan  it  is  related  that  when  man  was  first  formed  by  the 
power  of  the  sacred  Chay  Abah,  the  knife-stone  or  obsidian,  and  placed 
in  the  earthly  pamdise  Paxil  (the  derivation  of  which  name  I  shall  con- 
sider later)  there  came  the  coyote,  utiu^  and  the  crow,  kooch,  and  were 
about  to  destroy  the  maize  harvests,  but  the  coyote  was  killed,  and  thus 
the  gniin  was  saved.  The  remaining  elements  being  the  same  I  para- 
phrase this  : 

"The  One  (or  chief)  master  of  supernatural  power,  the  Coyote.** 

In  the  third  name,  Zaki  Nima  7!ry«,  the  first  two  words  mean  respec- 
tively Wliite,  great ;  the  thinl  is  the  common  name  for  the  pizote  or  badger, 
an  active  little  animal  quite  familiar  to  the  Indians,  and  the  name  of 
which,  as  we  are  informed  by  Father  Coto,  was  currently  applied  to  an 
active,  lively  lad.  His  words  are  : 
**Plzote:  vn  animalejo  como  el  tejon,  o  el  mesmo,  <^iz\  son  caserosltos, 

•  I  have  trncod  tho  Rrowlh  of  this  myth  In  ilotnll  In  Thr  Myths  0/  thr  Xt^v  Worldt 
a  TreafUa  0  » the  SgtnboHsm  and  Mijtholoffy  nif  the  Red  Ruce  <\/  America,  Chap^  T'/. 
(A'eiiJ  York,  1876>. 
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"cogcn  pequenos,  y  trauiesos  mucho,  yde  aqueste  animal  toman  el  decir 
"quando  vn  muchacho  es  travieso,  qizulah  aqual,  etc." 

These  are  the  translations  given  by  Ximenez:  "grandemente  agudo 
pizote,"  "very  active  pizote,"  and  * '.bianco  pizote,"  *' white  pizotc."  But 
Brasseur  derives  tzyiz  from  tzizo,  to  sew,  and,  in  a  religious  sense,  to 
draw  blood  by  pricking,  a  sacrificial  custom  of  those  countries,  for  which 
he  adduces  the  authority  of  the  MSS.  Kiche  vocabulary  of  Basseta ;  "San- 
grarse  para  sacrificar  a  los  idolos."  He  therefore  translates:  "Grand 
Blanc  Piqueur ; "  but  this  seems  inadmissible,  as  '*the  one  who  sews  or 
pricks"  is  expressed  by  tzizom  or  tzizonel  {Coto,  s.  v.  Coser),  We  must 
therefore  include  this  among  the  animal  names. 

AUliough  not  contained  in  the  paragraph  quoted,  I  here  bring  under 
consideration  another  animal  name  which  elsewhere  in  the  Popol  Vuh  is 
used  as  synonymous  with  the  above.  Thus  (p.  20)  we  have  this  invoca- 
tion : 

"  Make  known  your  name,  Hun-abpu-vuch,  Hun-ahpn-utiu, 
"  twice  over  bearer  of  children,  twice  over  begetter  of  children, 
"  Nim-ak,  Nim-tzyiz,  master  of  the  emerald,"  etc. 

The  name  Nim-ak  is  elsewliere  given  Zaki-nim-ak.  Tlie  former  means 
"Great  Hog,"  the  latter  **  White,  Great  Hog.'*  Brasseur  translates  ak  as 
wild  boar  (sanglier),  but  it  is  the  common  generic  name  for  the  hog,  with- 
out distinction  of  sex.  In  a  later  passage  (p.  40),  we  are  informed  that  it 
was  the  name  of  an  old  man  with  white  hair,  and  that  Zaki-nima-tzyiz  was 
the  name  of  an  old  woman,  his  wife,  all  bent  and  doubled  up  with  age, 
but  both  beings  of  marvelous  magic  power.  Thus  we  find  here  an  almost 
unique  example  of  the  deification  of  the  hog  ;  for  once,  this  useful  animal, 
generally  despised  in  mythology  and  anathematized  in  religion,  is  given 
the  highest  pedestal  in  the  Pantheon. 

We  should  probably  understand  these  and  similar  brute  gods  to  be  relics 
of  a  primitive  form  of  totemic  worship,  such  as  was  found  in  vigor  among 
some  of  the  northern  tribes.  Various  other  indications  of  this  can  be  dis- 
covered among  the  branches  of  the  Maya  family.  The  Cakchiquels  were 
called  "the  people  of  the  bat "  izoq*)y  that  animal  being  their  national  sign 
or  token,  and  also  the  symbol  of  their  god  (Pojtol  Vuh,  p.  225,  240).  The 
tucur  owl,  chan  or  cumatz  serpent,  halam  tiucr,  and  geh  deer,  are  other 
animals  whose  names  are  applied  to  prominent  t'an\ilies  or  tribes  in  these 
nearly  related  myths.  / 

The  priests  and  rulers  also  assumed  frequently  the  names  of  animals, 
and  some  pretended  to  be  able  to  transform  themselves  into  them  at  will. 
Thus  it  is  said  of  Gucumatz  Cotuha,  fifth  king  of  the  Kirhes,  that  he  trans- 
formed himself  into  an  eagle,  into  a  tiger,  into  a  serpent,  and  into  coagu- 
lated blood  (p.  314).  In  their  dances  and  other  sacred  ceremonies  they 
used  hideous  masks,  carved,  painted  and  ornamented  to  represent  the 
heads  of  eagles,  tigers,  etc.     These  were  called  goJiy  as  cohhal  i*uvi  cot, 


4 


1881,]  621  [Brlnton. 

the  mask  of  an  oaglc,  eohb<U  run  bnlam  ;  the  mask  of  a  tiger,  etc.  (Coto» 
s.  V.  Mttsrara  vel  Carahtla,)  In  Maya  the  same  wont  is  fomul,  Koh, 
and  in  the  Codex  Troano,  one  of  the  few  original  Maya  manuscripts  wo 
have  let>.  lliese  maslcs  are  easily  distinguished  on  tlie  lieads  of  many  of  the 
peivons  repres(»nted.  Recent  ol>servors  tell  us  that  in  the  morf  wmoto 
parishes  in  Central  America  these  hideous  hrute  faced  masks  arc  still 
worn  hy  the  Indians  who  dance  in  accompanying  the  processions  of  the 
Cluirch  !*  Kven  yet,  every  new-born  child  among  the  Kiclies,  is  solemnly 
nauMHl  after  some  beast  by  the  native  "medicine  man'*  before  ho  is  bap> 
ti/.ed  by  the  Padre.f 

This  brings  me  to  a  name  which  has  very  curious  meanings,  to  wit, 
Tepeu,  It  is  the  ordinary  word  In  these  dialects  for  Lord,  Ruler,  Chief  or 
King.  Its  form  in  C\vkchi(iuel  is  l\pt\r.  in  Maya  Tepah  and  it  is  probably 
ft-omthe  adjective  iHwt  tvih  filled  up,  supplied  in  abundance,  satisfied  (col- 
mado,  satisfecho,  que  tiene  sufiiciente.  Bnisseur,  Vocahuhure  Maya- 
Francais  ef  Kspanot).  In  Kiche  and  Cakcliiquel  it  is  used  synonymously 
with  gdh'l  or,  ffdgttl  and  ahau  as  a  translation  of  Seiior  or  Caci(pie. 
But  it  has  another  definite  meaning,  and  that  is,  the  disease  ^f/p/itlt's,  the 
huhoe»  or  ;)().r.'  And  what  is  not  less  curious,  this  meaning  extends  also  in 
a  measure  to  gaM  and  ahau. 

This  extraonlinary  collocation  of  ideas  did  not  escape  the  notice  of  Xlm- 
enez,  and  he  undertakes  to  explain  it  by  suggesting  that  as  syphilis 
arises  from  cohabitation  with  many  different  women,  and  this  Is  a  privi- 
lege only  of  the  givat  and  powerftil,  so  the  name  came  to  be  applied  to  the 
chiefs  and  nobles,  and  to  their  god.  Rut  I  shall  give  this  explanation  in 
his  own  words : 

*•  Y  tambien  como  a  Dios  se  le  dan  muchos  epltetos  de  grande,  de  sabio 
"y  otn\s  (H>sas.  le  dan  el  nombre  de  Tepeu,  este  significa  las  bubas,  y  en 
**su  gentilidad  em  grandeza  de  los  Seiiores  el  tenirlos,  porque  en\  sefial 
**de  mas  {oder  para  cohabitar  con  muchas  mugeres  de  adondo  se  suelen 
**contraer,  cosa  que  la  gente  onlinaria  no  pmlia.''^ 

Of  course,  syphilis  has  no  such  origin,  but  if  the  Indians  thought  it  had, 
and  considered  it  a  proof  6f  extmoixlinary  genetic  power,  it  would  be  a 
plausible  supposition  that  they  applied  this  term  to  their  divinity  as  being 
the  type  of  the  It'cumlating  principle.  Rut  the  original  sense  of  the  adjec- 
tive tep  does  not  seem  to  bear  this  out,  and  it  would  rather  appear  that  the 
employment  of  the  word  as  the  name  of  the  disease  was  a  later  and 
secondary  sense.  Such  is  the  opinion  of  Father  Coto  who  says  that  tlie 
term  was  applied  jestingly  to  those  suffering  fmm  syphilitic  sores  because, 
like  a  chieftain  or  a  noble,  they  did  no  work,  but  had  to  sit  still  with  their 
hands  in  their  laps,  as  it  were,  waiting  to  get  well ;  and  when  they  had 

•  Die  fn  tinner  \^n  Santa  Cataliha  hHnvacnn ;  rin  ncitrafftur  Otfturffcxvhi  'hte  (icr 
Urbemthner  Cvntral  AmeHk-ta,    Voa  Dc.  Karl.  Soher/.or,  p.  0(\Vion.  1850), 

tibhl,  p.  11. 

X  Est^liox  A  laa  Historiaa  del  Origen  de  los  IndioSf  pag.  157. 
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rtHHnoTtHl  \\  WW  sAtirio^Uy  sjuil  of  Uiom  Ihat  Ihtfy  hml  ^ven  \i|>  lb«r 
inn  oriMgiUy .     To  quote  hU  \vor\l»  : 

**Bii1i«i9:  y.i.V^  vel  U^tfjr.  •  ♦  Qmuu)o  At)  |^$)iUo  vlUvn  jnn  c^^nt^k 
**iiA  »Mtf«v«»  W  ost,  \a  an  tlojailo  su  m'uoHa,  |H>rqiu»el  que  U*  Ueiiese 
"osiA  soutA^lo.  !*i«  htttvr  l^>sa»  ihuuo  si  ftioso  s^ofior  o  seftoniL 

**SonorttS  xi»j;i»A*im  ;  S**ftorM»  jh»yi»*n»Miiri  »»•  ♦  ♦  IVsle  nomUw  j^»)f^- 
**At»M  \58«in  uuMHphoricamouto  jvini  lUvIr  quo  unti  rou^^^r  lut^M  liene 
**luilws;  |H>rque  se  est*  ?sin  huit^r  inksji,  mano  ji^^bre  mAiuv  *  *  y 
'*quAiu)o  A  ^Miumto  1)0  )tt  ontVruuH)A^),   duxni.  »i  o«   v«nm  :   xm(\4«iA 

I  shouU)  uoi  omli  to  rt^nmrk  that  this  8tnlUJi^'  ASMHiiilion  of  ideA$  i$  nol 
i»nrtiuHi  to  the  tiiAltvts  of  whioli  1  mu  s|Hvikiu^i;.  li  tnvur*  wot  u^ltV^^- 
quentiy.  h\  May*,  Am  is  the  oarJitsl  aiu\  bniaiU**l  naiue  ft^r  tUvinily ; 
titlHf  is  to  worst) i|\  anil  it  ai$i>  inoaits  a  st^b  or  sore.  As  in  Kiohe  |»i«A 
moans  the  pus  or  tuattor  t>xuu  a  sim\  tiko  tonu  <iA^>m  a)>|)iitHi  to  tiu'  hijshe^t 
,c\hI  may  al>o  moan,  **ho  who  has  running;  sim*s/*  Furthormori\  in  llie 
A/Uv  ton^^uo  tittH.thuoti  moans  a  |H*rson  suftorinjt  fr\nn  syphilis  i  It  fe 
alM\  in  a  myth  im^sorxtnl  liy  StUta^);un»  tho  natno  of  ti*o  Sun  Otni.  am\  it  » 
rolattnl  of  hitn  tliat  as  a  Siioril^t*t\  U^^on*  iHHxnwinjj  tho  suit,  ho  thrf  \v  into 
tho  saoritioial  thuuoSv  not  tMivlous  jsit^s,  as  tho  oustotu  \vas»  but  tho  si>»l*s 
I'Wmt  his  soro<.*  So  a1st>  Oaraoar^uvi,  a  t^r\Muinont  Ajturo  in  Hayttau 
mytikoiov[>  Is  ro|m*sonttHi  as  sutVoriu):  t>xmt  sorx^s  or  bulnn^, 

Tho  namo  (^u^^u»*i*^t:  Is  i^»rrtvily  stattnl  by  XituonoA  to  bt^  oa|^bio  of  two 
vioriva lions,  Tho  rtist  takos  it  iViun  yv**"**  *  foathor;  /w«  ^^jttmtfK  I 
ombixmlor  or  *H»vor  with  foalliors  von|>Uttn;tr  al5^v  otuuo  |HMton  on  Uvit 
jiuayt^iiojs  ori\  i\»!o.  Sv  v.  /Yh</«*»>.  Tho  siHvmi  liorlvation  is  fV\uu  ir«»yv 
foathor  ami  «•««♦. if;,  tho  J^^norio  namo  for  sortx^nt.  The  Hrst  of  thx^se  is 
that  whioh  tho  writorof  tlto  IVqn^i  Vuh  t>rt*fornHi»  as  a|qMvtrs  t>xm\  his  ^^x- 
prosslon  :  "Tiu\v  art*  fohiiM  in  tlu*  foalhors  ^j/w^/V  the  jTrtn-n  ones;  then>' 
"  fore  thoir  natno  is  Du^vtumatx  :  very  wise  imitHni  an*  thoy  (jv  t^'v/*  Th<^ 
brilliant  j^iutujij^^  of  the  tn>t>ii*al  bir\is  was  o\>nstanti>  ttse^i  by  these  tHW^s 
as  ortmmont  for  thoir  oiothluj;  ami  thoir  itU^ls,  am)  tho  (Hviksessi^m  of  m^ny 
of  those  exquisite  leathers  was  a  matter  of  mttoh  pritle  attti  pleasure.    TW 

«ltoturlut  istvos  a  moi^l  et>tortnff  to  tt\l«  mytli,  whiot)  m«>s|  llkety  tt  «lt«l  «%\>% 
orutnuUy  Imvtv    lltft  voi'stou  is*  tliut  at  ttto  timo  tVT  ttie  Se<HmU  A\^x\  tl\e  sbl\%4s 
S)iU)ort»\l  toi:^'t)\or  all  the  |>«h>|i1«  to  rt'want  them  U\r  tt^elr  virtue,  huU  «u^erv4 
ttuks^e  wlio  foil  tt»om<%>lvo9  meritorlouH  eiiuutfU  to  o»i«t  H»cm<el\«-N  h\t»^  »  !\t^ 
aiul  tl^UHUtiUn  oeJoHilrtt  rewwrits,    Thoy  uotsun  to  ttet>at*  wImflrNj  shuuM  \  ^K* 
tt)o  loa)\    Whilo  thoy  were  thw«»llsp«tlhs  the  iiovire«te*>tMmH»Ut»lM  o%i\h  vts* 
ot  tlUv$  loior(Hno«  ittUa  y  stu  |ktutrt*<«'  ttpiH^^i^nt  to  ono  \\  ho  was  slel(,  NaMa*to^««t«^iii 
lot  hub«v<o.  ot  iHMlrhho  mut  MtUt :  **  What  tlo  you  0%^  h«  re?    IK>  you  u<\t  see  tlM^t 
your  etmtt^uUous  are  ohKMse<t  In  vain  ilis|Mitost    t'hiK  yourself  Into  thett^iw^en 
and  ttni»  rUI  yourself  of  ttie  KUflV'rlnfiN  wl^toh  (V>r  years  ytut  tiave  t>«>me  wuli 
her\>U(n«  aiul  isalu  Imiuortut  honor/'    Ih^i^lrxnt  hy  the«^  \vor\ts,  Naua>hu«^t«i«^ 
si>rau)i  Into  tho  ttnme«,auil  ttts  e\MU|no)tons  watohe^l  him  e^msume^    Tb«>n  4ua 
e.'tffte  ito«KvtultHt  t>\nu  hoaveu  auit  ot^rrio^l  lil^t  ash«v»  to  ttie  st(y  where  Ite  iMtK^wi^ 
Touatluh.  the  Sun,   Hoturtnt  llemut 000 i.  iur^t  tlr  Ma«  A'w^^i'it  liiatmrhM  (Mierv.  t  «w 
Im  Am<»i.^i  iiiri4tHirHm\94y  pp«S;«  S8vMaarht»  t74ti\ 
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long   green  ones  especially  called  gug  (properly  ^  u  M  were   paid   as 

tribute  by  the  inferior  chiefs  (Varea,  VocabuUirio,  s.  v.). 

A  less  likely  derival ion  is  fVoin  c/itA/,  strong  or  strength,  and  cumati, 

the  Strong  Serpent.  Probably  ** decorated  with  feathers'*  is  the  correct 
interpretation.  Gucumatz  is  said  by  Mr.  II.  11.  Bancroft  to  bo  "the  ac- 
knowledged representative  of  Quctzalcoi\tl, "  *  a  hasty  statement,  as  the 
name  is  hardly  more  than  a  common  adjective  equivalent  to  royal  or  mag- 
nificent. 

The  names  Q\tx  c?io,  Qux pah,  mean  "the  Heart  of  the  Lake,  the  Heart 
of  the  Sea."  To  them  may  be  added  Qux  cah,  "the  Heart  of  the  Sky," 
and  Q^xuleu,  "the  Heart  of  the  Earth,"  found  elsewhere  in  the  Popol 
Vuh  (pp.  8,  12),  and  applied  to  divinity.  The  literal  or  physical  sense  of 
the  wonl  heart  was,  ho>vever,  not  that  which  was  intended  ;  in  those  aia- 
lects  this  wonl  has  a  much  richer  metaphorical  meaning  than  in  our 
tongue ;  with  them  it  stood  for  all  the  psychical  powers,  the  memory,  will 
and  reasoning  faculties,  the  life,  the  spirit,  the  soul.  This  is  fully  set  forth 
by  Coto  : 

"  Corazon,  <7f/.r.  ♦  ♦  Atribuenlo  toilos  los  afFectos  de  las  potencias, 
"memoria  y  entendimiento  y  voluntad,  ♦  *  unde  ahgux,  el  cuida- 
"doso,  entendido,  memorioso  ♦  *;  toman  este  nombre  gvx  por  el 
"alma  de  la  persona,  y  por  el  spirito  vital  de  todo  viviente.  v.  g.  xd  ru 
**giix  I^dro,  muritf  Pedro,  vel,  salio  el  alma  do  Pedro.  *  ♦  desto 
"nombre  gitx  se  forma  el  verbo  tin  gux  Uih,  por  pensar,  cuidar, 
"imaginar." 

It  would  be  moro  correct  theivfore,  to  rt»nder  these  names  the  "  Spirit  " 
or  "Soul  "  of  tlie  lake,  etc.,  than  the  "Heart."  They  roprcsent  broadly 
the  doctrine  of  **  animism  "  as  held  by  these  people,  and  genenilly  by  man 
in  his  early  stages  of  roligious  development.  They  indicate  also  a  dimly 
undewtood  sense  of  the  unity  of  spirit  or  energy  in  the  different  mani- 
festAtions  of  organic  and  inorganic  existence. 

This  was  not  peculiar  to  the  tribes  under  (X)nsidemtiou.  The  hci\rt  was 
verj'  genenUly  looked  uiK)n,  not  only  as  the  seat  of  life,  but  as  the  source 
of  the  feelings,  intellect  and  passions,  the  very  soul  itsel!\|  Hence,  in 
sacrificing  victims  it  was  torn  out  and  offered  to  the  god  as  ivpresenting 
the  immaterial  part  of  the  individual,  that  which  survived  the  deatli*  of 
the  body. 

The  last  two  names  in  the  pamgraph  quoted  are  Ah-roxalak,  Ah-raxa- 
ael.  To  these  Bnvvsseur  gives  the  high  sounding  rendei*ings,  •*  Master  of 
the  verdant  Planisphere,"  "Master  of  the  azurc  Surface."  Tlie  literal 
translation  is  in  laughable  contmst  to  these  turgid  epithets  ;  strictly  speak- 

*  Native  Haeea  of  the  Pacific  Ooast^  Vol.  Ill,  p.  477,  note. 

f'De  adondo"  remarks  UrunudoA  yGalvex,  "  vioiie  que  mis  Otoniites,  de  una 
mlKmamanora  llam.in  )\  la  alma  que  al  ooraion,  npMcandolcs  tk  cntnxmbus  la 
\oxvnuj/."    Tardea  -!imri*c<irt«ff,  Tarde  Iv,  p.  lui.    (Mexico,  iTTS.) 
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\n^  tbry  »ltfnlt>k'.  "  \W  of  tht'  jjrt^on  ilUh/*  "  Ho  of  the  irivon  cup."  Thiw 
Xiiiirnoy.  glvoM  (lioni,  uiu)  imUU  ilmt  fonuH  of  Hpt*crU  with  «Ni«r  niirnity 
thlugH  or  hoAUtv.  tU  for  klngi*  nnil  UmU.  u««  tm*  hrigUily  colortn)  c\\\^  uiu( 

/i*ti.r  Ih  the  nuitu*  of  tho  n>h>n*  bUto  ttiul  jrivru.  >vl»lo\i  it  In  wilil  by  iimiiy 
writont.  oiiniiot  biMUMiiijruiHhtnl  ii|mrt  t^y  tiioMo  hiiUuiiH :  or  At  U'Uiit  thut 
ttioy  brtvo  no  wohl  to  o\|irt'H}*  itu»  Ui!VoivtuH\  ANrr.  by  oxtonsloiK  »<»yH 
XUutMicK  ((/r«iiw*i/*tNi  ih  h  i,rn<jmi  i^HU'hr,  p,  17).  lutniUH  Htrt^ir.  ixni);h, 
vlohMit,  vU\  (Nuuiug  liuimHliMtclY  i\\\vv  \Uv  imiucH  "Soul  of  tht»  Luko/* 
•' Soul  of  {\\v  Sort."  il  l!»  |M»,sslbU»  thttt  tho  *'  bhu»  phUo **  Is  lht»  n*uiv  i»urt\uH> 
of  tho  iropitnil  m»u. 

Ill  tho  Hvcoutl  ))tin()tr>M^I^  I  i^t^vo  tpiotrtl  \{\\>  unrnitor  iiUnMhuMMH  us  to 
"ihi*  AiuMmnt'its  {iffoMt),  \\\v  »uuM'Htor  (w«imom),  by  UAttto  Xply«tHH\ 
Xiiiunnu\"  TbcM'  won*  tuHMiUnont  tlninvs  \i\  Kioho  tuythoh\uty  :  tht\v 
wort*  tho  ouiImmUuumUs  of  tlu*  |MUonuil  wml  uuitcrtuil  jMnvors  of  i>rjiiuilt^ 
life  :  thry  \vi»iv  InvoktHl  rise w how  \\\  i\\\*  \\\\h\\  Vuh  to  tUvor  the  jtt^nuhtn^ 
tlon  i>f  seeUs  (p.  \}t))»  tiiu)  the  nxnU Ion  of  numkhtd  ;  they  »m»  mhlrt»sseil 
tts  "rtneeMiVHH  tif  the  sun.  Ancestress  of  the  lljtht  **  (p.  18).  The  oU\  mtuu 
Xplyuet»e,  Is  H)H»keu  ot  as  the  master  of  (UvhtAth)n  by  tlje  ^i»Vf.  or  stiertnl 
beAus  (p.  ^W)  [  the  old  wonuui.  XuuieAne,  as  she  who  eoithl  fotveust  ihiyo 
Ami  seA*»ons  (i»Ai/«A)  ;  they  weiv  the  (unvnts  of  tho!<e  mijrhly  tmes  **wluKHe 
UAme  WAS  Ahpu."  niAsteiM  of  nuitfle  (p.  tU>),  Fituu  this  Ancient  couplt^, 
XtmencK  tells  us  the  UAtive  mu^riclAnsAntl  nunllclne  n\en  of  hisihiy  clAiiueit 
tt»  dmw  their  Insplniilon,  And  they  wen*  especlAlly  consulted  louchln^t  tlit* 
birth  «)f  InfAuts.  In  which  they  weiv  still  cAlled  uinm  to  Assist  in  s|kite  of 
the  etVoHs  t>f  the  {mtlies.  It  Is  cloAr  throujjhoui  that  they  rt»prt>senti>il 
lUAinly  the  pcc\jliAr  t^tnclions  of  the  two  sexes. 

Their  UAmes  perhAps  beU>n.tftHl  to  An  aivIiaIc  dlAlect  Ami  the  Kichc* 
either  couhl  not  or  would  nt)l  e\tdAln  them,  llmsseur  dtH»s  not  otVer  Any 
etymolo)cy.  Anti  aU  tlmt  Xiuu'ne^  miys  Is  tluU  XmucAue  mcnns  ^i^^or 
if  titer  (entlerro  o  t\>sA),  derlvlnit  it  \\\%\\\  the  verb  tin  mtti\  I  Imry. 

In  nutst  or  aII  of  the  Iau^ua^kcs  i>f  this  stock  the  txnu  tmtl'  or  mne  mt^n» 
to  c<»ver  or  tn^t^r  ttp  Uncuhiit),  In  May  a  the  jmssive  fonu  ot  the  verlR^l 
noun  is  m«tM«r«.  of  which  the  />#Vo»«*M«irVi»  (^««  ,l/(*^*l*  jtives  the  tnmslAtiou 
"cosA  que  csiA  encubl<M*iA  t)  enterraclA,"  the  seinrnd  tneAulnir  Arisiii|{ 
nAtumlly  fhuu  the  cu^imn  of  ct»Yerln>?  lln«  ilcAd  Inuly  wUh  oavjIk  und  ln« 
dicAted  thut  the  nutrtuury  rites  Amon.u:  then\  wen^  by  mcAUs  k\(  lnte)uutM\i  ; 
AS,  tndeed>  we  Aiv  detlnlttly  Informed  by  UNhot*  hAmU.t  The  Amduiiio 
prt^tlx  And  the  ternduAl  e\itihotiic  «'  jclve  preclMdy  A*  mHH^mtH^,  uuHUtiii^ 
"She  who  Is  coveivd  up."  or  burletl. 

Hut  while  etymologicAlly  s<uistAclor,\.  the  ApptvprlAteues;^  of  thlsdoH- 

*T\w  />j«vifiiM«WM  tl«>  .Utt^w/  Is  tho  most  ouinplete  41oll\Mmry  of  th9  MAyAi^vi^t 
nmUe,  liilate«rrum  aIhuU  \MU  auU  \u\*  tl^i  uumo  ii\>m  ihe  town  of  Mai ul, 
Y lunitAM,  witore  tt  was  written,  TUp  uuttu^r  Is  uuknuwu.  Only  two  iHtplos  of  U 
Areln«»,\t^tenee.one»  voryettrefully  mmlo,  wUh  numerous  uuioj»»lty  l>r,  H^^r^iull^ 
U  In  my  )ui«i»oi'iiUnu    U  In  a  tidek  4tu  or  l>v)it  initfes. 

t  Hs-hwiuth  tit*  Uu  iXmut  th  I'Hi^iMN,  I  XX  XUt, 
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vfttion  is  not  at  once  apparent.  Can  it  have  reference  to  the  seed  covered 
by  the  soil,  the  child  buried  in  the  womb,  the  ej?K  hidden  in  the  nest,  etc., 
and  thus  typify  one  of  the  principles  or  phases  of  reproduction  ?  For  theiH) 
is  no  doubt,  but  that  it  is  in  the  category  of  divinities  presiding  over  re- 
production this  deity  belongs. 

Both  names  may  be  interpreted  with  appropriateness  to  the  sphere  and 
flmctions  of  their  supposed  powers,  from  radicals  common  to  the  Maya 
and  Kiche  dialects.  Xmucane  may  be  composed  of  the  feminine  prefix  a 
(the  same  in  sound  and  meaning  as  the  English  pronominal  adjective  she 
in  such  terms  as  she  htutr,  she  cat)  .^  and  mukanU,  vigor,  force,  power, 
(fortale<;'V,  fuerza,  poder,  Brasseur,  Voatbulaire  Afaya,  Franeais  et  Kspaml, 
on  the  authority  of  Uuz  and  Beltran). 

Xpiyaeoc  is  not  so  easy  of  solution,  but  I  believe  it  to  be  a  derivative 
fVom  the  root  xtb,  the  male,  whence  xipbil^  masculinity,  and  especially  the 
membmm  rmle  (Pio  Perez,  Diceionarh  Maya)  ;  and  oe  or  ococ,  to  enter,  to 
accouple  in  the  act  of  generation  (entmr,  Junt^irse  el  macho  con  la  hem- 
bra,  Brasseur,  Vocabnlaire  Maya,  s.  v,  oc).* 

We  can  readily  see  with  these  meanings  hidden  in  them,  the  subtler 
sense  of  which  the  natives  had  probably  lost^  that  they  would  be  difficult 
of  Riitisfactory  explanation  to  the  missionaries,  and  that  they  would  be 
left  by  them  as  proper  names  of  undetermined  origin. 

The  second  fnvgment  of  Kiche  mythology  which  I  shall  analyze  is  one 
that  relates  to  the- gods  of  the  storm.  These  are  introduced  as  the  three 
manifestations  of  Qux-cha,  the  Soul  of  the  Sky,  and  collectively  "their 
name  is  Hurakan :" 

"  Cakulha  Ilurakau  is  the  tirst ;  Chipi-cakulha  is  the  second  ; 
"  the  third  is  Raxa-cakulha ;  and  those  three  are  the  Soul  of 
-the  Sky"  (p,  8). 

Elsewhere  we  read  : 

"Speak  therefore  our  name,  honor  your  mother,  your 
"father;  call  ye  upon  llurakan,  Chipi-cakulha,  Raxa-cakulha, 
"  Soul  of  the  Earth,  Soul  of  the  Sky,  Creator,  Maker,  Her  who 
"brings  forth,  Him  who  begets;  speak,  call  upon  us,  salute 
"  us."     (p.  14). 

Cakulha  (Cakchiquel,  cokoUOMy)  is  the  ortlinary  w^ord  for  the  lightning ; 

•This  Vocabulary  collootod  by  the  Abbtf  Hrassour^de  BourbourK)  was  pub- 
lished In  the  second  volume  of  tho  reports  of  the  ^tislsion  iScutnti/lque  an  ^tt^Jt*q%i9 
ct  daH9 1'Aftiiriqtw  (\*ntvatr^  Paris.  1870.  I  regret  to  say  that  like  all  of  his  llnuuls- 
tic  work,  it  must  be  followed  with  great  oaution.  lie  has  inserted  iu  it  many 
words  and  forms  which  are  not  Maya  at  all,  and  the  derivations  ho  gives  and 
suggests  are  geuomlly  the  merest  guesses,  based  on  the  slenderest  analogies  of 
sound.  In  Aict.  a  c^ireful  student  of  tho  tongue  should  not  accept  any  Maya 
word  on  tho  sole  authority  of  Brussour*s  work. 
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Raxa-cakulha,  translated  by  Brasseur  "la  foudre  qui  fVappe  subitemenf 
is  rendered  by  Goto  as  *'  the  flash  of  the  lightning  '*  (el  resplandor  del  rayo); 
Chipi-cakulha  is  stated  by  Brasseur  to  mean  ''le  sillonnement  de  Teclair  ;" 
ffhip  is  used  to  designate  the  latest,  youngest  or  least  of  children, 
fingers,  etc. 

There  remains  the  name  Hurakan  and  it  is  confessedly  difficult.  Bras- 
seur says  that  no  explanation  of  it  can  be  found  in  the  Kiche  or  Cakchiquel 
dictionaries  and  that  it  must  have  been  brought  from  tlie  Antilles  where 
it  was  the  name  applied  to  the  terrible  tornado  of  the  West  Indian  lati- 
tudes, and,  borrowed  from  the  Haytians  by  the  early  navigators,  has 
under  the  forms  ouragan,  huracfvriy  harricaney  passed  into  European  lan- 
guages. In  default  of  any  other  probable  origin  such  for  a  long  time 
was  my  own  opinion,  and  it  is  indeed  difficult  to  allow  the  probability  that 
in  Hayti  and  Guatemala  the  same  word  should  be  applied  to  the  same 
conception,  and  this  one  of  such  magnitude  and  impressivcness,  and  that 
there  should  be  no  historic  connection  between  the  two.  However  that 
may  be,  I  am  now  convinced  that  the  word  Huracan  belongs  in  its  ety- 
mology to  the  Maya  group  ^f  dialects,  and  must  be  analyzed  by  tliem. 

One  such  etymology  is  indeed  oflered  by  Ximenez,  but  an  absurd  one. 
He  supposed  the  word  was  compounded  of  hun,  one  ru  his,  and  rakan 
foot,  and  translates  it  **de  unpie."    This  has  very  properly  been  rejected. 

On  collating  the  proper  names  in  the  Popol  Vuh  tliere  are  several  of 
them  wliich  are  evidently  analogical  to  Hurakan.  Thus  we  have  Ca- 
hrakan,  who  is  represented  as  the  god  of  the  earthquake,  he  who  shakes 
the  solid  earth  in  his  might  and  topples  over  the  lofty  mountains.  To  this 
day  his  name  is  the  common  word  for  earthquake  in  these  dialects. 
Again,  one  of  the  titles  of  Xmucane  is  Ghirakan  Xtnucnne  (p.  22). 

The  terminal  rakan  in  these  names  is  a  word  used  to  express  greatness 
in  size,  height  or  bigness.  Many  examples  are  found  in  Coto's  Vocabu- 
lario.     He  says 

^'Larga  cosa:  Lo  ordinurio  es  poner  raA:/zn  para  significar  la  largura 
"de  palo,  cordel,  etc.  :  para  decir,  larga  caballera  trae  aquella  muger, 
*' dicen  :  nahtik  rakan  ru  ti  lae  ixok.'* 

For  a  person  tall  in  stature  he  gives  the  expression  togam  rakan :  for 
large  in  body  (grande  del  cuerpo)  the  Cakchiquel  is  7ia?it  rakan.  But  the 
most  appropriate  entry  in  this  connection  is  that  in  which  he  gives  us  the 
Cakchiquel  of  giant : 

*'  Gigante :  hu  rapah  rakan  eld  tinak,  hu  chogah  rahnn  chi  vinak  ;  este 
"  nombre  se  usa  de  todo  animal  que  en  su  specie  os  mas  alto  que  los 
'•otros.  Meo.  P*  Saz,  serm.  de  circumsciss.  dice,  del  Gigante  Golias  : 
'•  tugotic  rogoric  rakan  chiacJii Gigante  Golias.'* 

Here  we  find  the  exact  combination,  Ha-rakany  used  in  the  signification 
of  the  greatest  of  a  kind,  gigantic,  colossal.  Among  the  Northern  Indians 
the  notion  prevailed  that  each  species  of  animal  included  one  enormous 
one,  much  larger  than  the  others,  to  whom  otliers  were  subject,  and  which 
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was  the  one  who  often  appeared  to  the  Indian  in  Ids  ** medicine  dreams." 
This  was  appan»nt.ly,  from  the  expression  of  Father  Coto,  ulso  the  opinion 
of  the  Quatemahin  tribes,  and  to  this  mythical  jriant  specimen  of  the  race 
Uiey  applied  tho  term  hu-rapa-rakany  'Mhe  one  exceeding  great  in  size.** 
This  idea  of  strength  and  might  is  of  coui*se  very  appropriate  to  the  deity 
who  presides  over  the  appalling  forces  of  tho  tropical  thunder  storm,  who 
flashes  the  lightning  and  hurls  the  thunderbolt. 

It  is  also  germane  to  the  conception  of  the  earthquake  god.  The  first 
syllable,  cab^  means  twice  or  two  or  second  ;  and  apparently  has  ref(»rence 
to  hun,  one  or  first,  in  hurakan.  As  the  thunderstorm  was  the  nu)st 
terrifying  display  of  power,  so  next  in  onler  came  the  earthquake.    Were 

it  allowable  to  alter  the  initial  c  into  the  guttun\l  ,^,  giving  us  ^  alt  rakant 

tlien  the  name  would  mean  **the  mighty  hand." 

The  name  tVtirakan  as  applied  to  Xmucane  may  have  nniny  meanings  ; 
r/«i  in  all  these  dialects  means  i>rimarily  mouth  ;  but  it  has  a  vast  number 
of  secondary  meanings,  as  in  all  languages.  Thus,  accoixling  to  Coto,  it 
is  currently  used  to  designate  the  mouth  of  ajar,  the  crater  of  a  volcano, 
the  eye  of  a  needle,  the  door  of  a  house,  a  window,  a  gate  to  a  field,  in 
fact,  almost  any  opening  whatever.  I  suspect  that  as  here  used  as  part  of 
the  name  of  the  mythical  mother  of  the  race  and  the  repivsentation  of  the 
female  principle,  it  is  to  be  undei*stood  as  referring  to  the  vaginal  v\vi\,  the 
ostium  Vitffiiur,  t)nm\  which,  as  tVi>m  an  immeasurable  ragina  gtHtium,  all 
animate  life  was  believed  to  have  drawn  its  existence. 

The  sanu»  syllable  occurs  as  a  prefix  in  another  fenude  name,  Chimalmat, 
the  mother  of  Cabrakan  (p.  34).  This  name  may,  with  an  etlbrt,  be 
derived  fi*om  C^vkchiquel  roots,  but  as  it  is  absolutely  identical  with-  (tne 
of  a  goddess  well  known  in  Aztec  mythology,  I  shall  consider  it  later. 
Suftlce  it  to  say  here  that  the  verb  molmot,  accoixling  to  Varea,  means  to 
enter  suddenly,  to  appear  unexpectedly. 

If  the  derivation  of  Ilurakan  here  presented  is  correct,  we  can  hardly 
refiise  to  explain  the  word  as  it  occurs  elsewhere  with  the  same  meaning 
as  an  evidence  of  the  early  influence  of  the  Maya  mce  on  other  tribes.  It 
would  appear  to  have  been  through  the  Caribs  that  it  w*as  carried  to  the 
West  India  islands  w^here  it  was  first  heard  of  by  the  Kuix>pean  naviga- 
tors. Thus  the  i>k'^iomit>tf  Oulibi  {VayIs^  1743)  gives  for  "diable,"  iroucati, 
feroucan,  hyorokan,  precisely  as  C\)to  gives  the  Cakchiquel  equivalent  ot 
"diablo  *'  as  hurukan.  This  god  was  said  by  the  Caribs  to  have  torn  the 
islands  of  the  West  Indian  archipelago  ft*om  the  mainland  and  to  have 
heaped  up  the  sand  hills  and  blufls  along  the  shores.*  As  an  associate  or 
"captain"  of  the  hurricane,  they  spoke  of  a  huge  bird  who  makes  the 
winds,  by  name  Santcont  in  the  middle  syllable  of  which  it  is  possible  we 
may  recognize  the  bird  xaku,  which,  as  we  shall  shortly  see,  the  Kiches 
spoke  of  as  tho  messenger  of  Ilurakan. 

•  Do  la  Bordo,  Hclalion  ih  Votiffine,  efc,  cl««  Qnraib^a,  p.  7.   (Paris,  1(J74), 
PROC.  AMEK.  rUILOS.  SOC.  XIX.  100.  4a.     PRIKTSP  I>2fiO.  20,  1881, 


I 


I 

I 


Brlnton.]  628  [Nov.  4, 

I  shall  add  here  an  invocation  to  Hurakan  which  is  one  of  the  finest  in 
the  Popol  Vuh  : 

1.  Acarroc,  Atoob  u  gih,  at  Hurakan,  at  u  Qux  cah,  uleu  ! 

Hail,  beauty  of  the  day,  thou  Hurakan,  thou  ^^its)  Heart,  the  Sky, 
the  Earth  ! 

2.  At  yaol  reeh  ganal-raxal,  at  pu  yaol  mial,  qahol ! 

Thou  giver  (of)  our  prosperity,   thou,  and  giver  (of)  daughters, 
sons ! 

3.  Ch*a  tziloh,  ch'a  maquih  uloc  a  raxal,  a  ganal : 
Make  firm,  extend  hither  thy  glory,  thy  greatness  : 

4.  Ch'a  yatah  u  qazsic,  vinakiric  v'al  nu  qahol : 
Give  their  life,  (their)  increase  to  my  descendants  : 

5.  Chi  pog-tah,  chi  vinakir-tah,  tzukul  ave,  cool  ave. 

That  they  may  beget,  may  increase  nurses  for  thee,  guards  for  thee, 

6.  Ziquiy  ave  pa  be,  pa  hoc,  pa  beya,  pa  xivan,  xe  che,  xe  caam. 
Who  shall  invoke  thee  in  the  roads,  in  the  paths,  in  the  water  ways, 

in  the  gorges,  under  the  trees,  under  the  bushes. 

7.  Ch'a  yaa  qui  mial,  qui  qahol ; 

Give  to  them  daughters,  to  them  sons  ; 
'S.  Ma-ta-habi  il-tzap,  yanquexo  ; 

Let  there  not  be  disgrace,  misfortune  ; 
9.  Ma-ta  ch'oc  qaxtokonel  chiquih,  chi  qui  vach. 

That  not  comes  the  deceiver  behind  them,  before  their  face. 

10.  M'e  pahic,  m'e  zokotahic  ;  m'e  hoxonic,  m'e  gatonic. 

May  they  not  fall,  may  they  not  stumble  ;  may  they  not  hurt  their 
feet,  may  they  not  suffer  pain  ; 

11.  M'e  kahic  r'equem  be,  r'ahzic  be. 

May  they  not  fall  in  the  low  road,  in  the  high  road. 

12.  Ma-ta-habi  pak,  toxcom  chiquih,  chi  qui  vach. 

Let  there  n(5t  be  a  stumbling  block,  a  scourge  behind,  before  their 
face. 

13.  Que  a  yatah  pa  raxa  be,  pa  raxa  hoc  ; 

Give  them  (to  be)  in  a  green  road,  in  a  green  path  ; 

14.  Ma-ta-habi  qu'il,  qui  tzap  a  cuil,  av'itzmal. 

Let  there  not  be  to  them  evil,  to  them  misfortune  (from)  thy  locks, 
thy  hair. 

15.  Utz-tah  qui  qoheic  tzukul  ave,  cool  ave  ch'a  chi,  ch'a  vach. 
Fortunate  to  them  (be)  existence,  nurses  thine,  guardians  thine,  be- 
before  thy  mouth,  before  thy  face, 

16.  At  u  Qux  cah,  at  u  Qux  uleu,  at  pizom  Gagal !  at  puch  Tohil ! 
Thou  its  heart  the  sky,  thou  its  heart  the  earth,  thou  veiled  Majesty  ! 

thou  and  TohiL 

17.  At  puch  Tohil,  Avilix,  Hacavitz,  pain  cah,  u  pam  uleu,  cah  tzak, 

cah  xucut. 
Thou  and  Tohil,  Avilix,  Hacavitz,  body  (of  the)  sky,  its  body  the 
earth  (with  its)  four  sides,  four  corners. 
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18.  Xa-ta  zak,  xa-ta  amag,  u  ymm  cli'a  rhl  ch'a  vach,  at  Qabauil  1 
So  lonjc  as  light,  so  long  as  time,  (be)  its  body  before  thy  mouth  be- 
fore thy  face,  thou  God  I 

1.  Acarroc  is  an  interjection  of  admiration  or  awe.  Atooh  is  the  plural 
fonu  with  intensive  signification  of  fi^),  beaut ifUl,  fine,  good. 

2.  Gan(il-ra.val  literally  ''yellowness,  greenness."  I  shall  refer  to  this 
combination  in  a  later  j>aragn\ph. 

At  pUy  thou  and,  read  "and  thou;"  the  copulative  conjunction  in 
Kiche,  like  the  Latin  quff  often  follows  the  first  word  of  the  connected 
clause. 

8.  Ch'a  Moh  ;  both  Ximenez  and  Brasseur  translate  this  "turn  thee  ;" 
but  this  requin»s  tzrioht  and  is  less  germane  to  the  sense  of  the  pissage. 
The  color  terms,  m,r,  gan  again  appear  in  their  metaphorical  senses  of 
prosperity. 

4.    Jl'nakinc,  form  the  root  rin,  to  increase,  gain. 

9.  Qdj^tokonel,  the  liar ;  qaxtog  is  the  usual  wonl  for  demont'o,  diablo,  in 
the  religious  language. 

10.  i/V  ftoxonie,  ine  gatontc;  Ximenez,  and  following  him  Brasseur, 
translate  this,  "May  they  not  fornicate,  may  they  not  be  brought  before 
the  judge  ;"  but  the  meanings  in  the  text  are  also  given  to  these  words  in 
Ximenez'  own  Tesoro  de  his  tres  Lenguas,  and  are  much  more  likely  to 
have  been  the  original  ones. 

14.  A  cud  ac'ifztmil;  thy  locks,  thy  hair.  This  probably  has  reference 
to  a  myth  or  superstition  about  the  storm  god's  strength,  lying,  like 
Samson,  in  his  hair. 

16.  Hzom  Gagal ;  Ximenez  translates  "  en voltorio  de  gloria." 

17.  Atjmc?i  Tohil;  read:  "And  thou  (also)  O  Tohil,  etc.  l\im,  fVom 
pa^  in,  means  "the  contents  of  anything  hollow,"  hence  entrails,  and 
generally  belly.  Ximenez  translates  it  here  riVw^rc,  but  "body"  is  prt)ba- 
bly  nearer  the  right  sense,  as  it  stands  in  antithesis  to  heart  in  the  previous 
line. 

Then*  is  another  invocation  in  the  Popol  Vuh  containing  some  other 
names  of  d(»ity,  a  literal  translation  of  which  I  shall  give,  after  Brasseur : 

"Hail!  0  Creator^  Maker!  Who  sees  and  liears  ils !  Do 
"  not  leave  us ;  do  not  desert  us.  0  Qabauil,  in  the  sky,  on 
"earth,  Soul  of  the  Sky,  Soul  of  the  Earth.  Give  us  ehildren, 
"  posterity  [as  long  as]  the  sun  goes,  and  the  light.  Let  the 
"seed  grow,  the  light  eonu\  Many  green  paths,  green  roads, 
"give  us;  in  peaee,  in  white  peace,  be  the  tribe;  in  welfare, 
"in  white  welfiire,  be  the  tribe;  give  \is  then  happy  life  and 
"existence,  0  Ilurakan,  Chipi-cakulha,  llaxa-eakulha,  Chipi- 
"nanauac,  Raxa-nanauae,  Yoc,  llunahpu,  Tepeu,  Gucunuitz, 
"  Aloni,  Qaholoni,  Xpiyaooc,  Xniuoane,  Grandmother  of  the 
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^•Sun,  Grandmother  of  Light;  let  the  seed  grow,  the  light 
^'  come."    p.  210. 

Such  was  the  prayer,  which  according  to  Kiche  traditions,  their  early 
ancestors  addressed  to  the  divinities,  in  those  far-off  years  when  they 
dwelt  in  the  distant  Orient,  in  the  fertile  land  of  Paxil  and  Cayala,  before 
they  had  yet  gone  to  Tulan  to  receive  the  tribal  and  family  gods  which 
they  adored  in  later  days. 

There  is  no  trace  of  Christian  doctrine  in  these  names  ;  clearly  they  are 
all  handed  down  from  a  generation  who  knew  nothing  of  missionaries 
and  their  teachings.  Most  of  them  I  have  already  analyzed,  and  I  shall 
now  take  up  the  remainder. 

The  term  Qdbauil  is  in  Kiche  the  generic  word  for  divinity.    Thus  we  4 

find  in  the  Popol  Vuh  such  expressions  as  :  Xavi  e  qdbauil,  truly  they  were  ^ 

gods  (p.  34)  ;  are  u  biri  qabauil,  this  is  the  name  of  God  (p.  8).  It  is  from 
tlie  root  qab,  for  the  correct  signification  of  which  we  must  perhaps  go  to 
tlie  Maya,  where  it  means  to  create,  to  make  out  of  nothing.  (  Chab,  crear, 
sacar  de  la  nada,  Pio  Perez,  Diceionario  de  la  Lengua  Maya.) .  The  word 
had  so  many  heathenish  associations  that  the  Franciscan  missionaries 
dropped  it,  and  substituted  the  Spanish  Dios,  from  which  they  formed  de- 
rivatives according  to  the  rules  of  native  grammar.  Thus  Goto  translates 
dicina  cosa  by  diosil  and  adds  :  "  antiguamente  decian  gdbovi  al,  de  gabo- 
''vil,  nombre  del  dios  que  adoraban."    He  gives  other  derivatives,  also  : 

* '  Idolatrar :   qui  gabovilan  ;  idolo,  gabovil.  *  *  Lo  mesmo  dicen  de  las 
**pinturas  que  antiguamente  hacian  ;  gabul  vel  gabuil.     Oabuilhay,  casa 
*'de  idolatria  ;  gabuil  chahaly  el  sacerdote,  vel  guarda  de  los  idolos.'* 
Father  Varea  seems  to  derive  gabuyl  from  g'ibak,  to  paint : 

* '  Gabuyl :  estatua  o  ydolo  propriamente  de  bulto  o  pintada  la  figura  o 
"ymagen  de  lo  q  adoraban  los  gentiles." 

The  Dominican  missionaries,  however,  in  their  writings  in  the  native 
language  adopted  gabuyl  as  the  correct  rendering  of  Dios,  God,  and  this 
difference  of  opinion  between  them  and  the  Franciscans  led  to  some  acri- 
monious linguistic  polemics. 

Father  Hieronimo  Roman,  from  the  narratives  at  his  command,  states 
that  the  name  was  that  of  a  definite  being,  the  supreme  God  of  the  natives 
of  Guatemala.* 

Tlie  names  Chipi-nanauac,  Raxa-nanauac,  are  supposed  by  Brasseur  to 
refer  to  the  Aztec  divinity  Nanahuatl.  They  are,  however,  easily  explicable 
by  the  Kiche  itself.  They  are  derived  from  the  root  nao,  to  know,  under- 
stand, absolute  form,  qui  nao,  which,  says  Goto,  "signifies  everything,  \ 
which  is  known  or  learned  by  custom  or  t\\[)crience  ;"  naoh,  is  under- 
standing, reason,  intellectual  power  ;  ahnaoh  is  tlie  Cakchiquel  for  artium 
magiater.     It  also  applies  to  understanding  the  thoughts  of  another ; 

*  *'  El  Dios  quo  tenian  per  supremo,  comu  nosotroF,  llama vanlo  en  la  Provln- 
cla  de  Guatemala  Oaboull."  RepvJblicas  del  Mundo,  Tercera  Parle,  De  la  Repub' 
lica  de  las  Indian  Ocddentales,    Lib.  11,  Cap.  xv. 
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Bidre  nonohel  ka  zih,  the  Father  understood  our  story.  In  a  derived 
applieation  it  signified  that  mysterious  and  supernal  knowledge  whieli 
the  magieian  and  diviner  possess,  and  Avhieh,  in  its  highest  form,  is  the 
peculiar  attribute  of  divinity.  In  this  sense  it  is  synonymous  witl\ 
puzy  which  I  have  already  discussed,  and  both  ai*e  given  by  Coto  as 
the  wortls  for  magic  and  necnimancy.  Both  are  also  employed  together 
in  various  passtvges  of  the  Popol  Vuh.  Thus  it  is  siud  (p.  10)  that 
in  the  beginning  the  mountains  and  the  %^illeys,  the  cypresses  and  the 
pines  were  created  instaneously  by  miracle,  by  magic,  xnki  namil  .r«fA'*  j)M2  ; 
so  it  is  Siiid  of  the  formation  of  the  first  men  that  it  was  by  enchantment, 
by  sorcery — xa  pux,  xa  mmal  qui  tzakie  (p.  108).  The  expression  uanauac, 
therefore  has  no  reference  to  Aztec  myth  but  to  the  supernatunU  power  of 
Divinity,  and  probably  especially  to  the  psychical  and  intellectual  mani- 
festation of  the  divine  energy. 

The  nulical  of  these  comprehensive  wortls  is  na,  to  feel,  to  preceive 
(sentir,  advertir,  Varea).  The  reduplication  appears  in  the  forms  ta  nana, 
look,  nanoh,  appointed,  designated,  and  is  common  in  the  Maya  deriva- 
tives fmm  this  root,  as  appears,  for  instance,  in  the  following  entry  from 
the  DiccionaHo  de  }fotul : 

''Naiiaol:  considerar,  contemplar,  entendor  y  arbitrar.** 

The  following  are  definitions  fi*om  Varea  : — 

**Naoh:  el  sentido,  el  uso,  la  experiencia.  el  arte,  la  industria,  el  buen 

"  ingenio  en  loa  hombres,  y  el  instinto  natunU  en  los  brutos. 
"Nnoliili:  hacer  algo  los  animales  con  buen  instinto:  y  tambien  ha/.or 

••elhombre  algo  con  prudencia,  arte,  buen  uso  o  tiento  con  entendi- 

"mien  to. 
"Naoliticali:    enseiiar  6  doctrinar    costumbres,    artes,   letras.   eosas 

"buenas  6  malas. 
"Nanoxiii:  tener  muy  de  memoria  algo. 
"Naval:  creyan que  avia  cosa  viva dentro  del  arbol,  piedra  6  moute  que 

*'hal>laba,  llamaba  [hence  nacal  che,  spirit  of  the  tree,  nacal  abah  spirit 

"of  the  stone]. 
"NavallU :  hazer  milagros  de  echizeros  encantos. 
*'  Puz  Naval :  eK\  una  manera  de  nigromancia  6  magica  que  us^aban  los 

"yndios  tranformandose  en  globos  de  fuego  y  en  aguila  y  otros  animales 

"que  yban  por  el  ayre.** 

Tlie  process  of  thought  seen  in  these  derivatives  is  interesting  to  note. 
From  the  simple  use  of  the  senses  (/m),  come  experience,  knowledge, 
ability,  skill  (/m«»/0»  l*^*  who  has  these  to  a  gnn\t  degn^e  can  do  more  than 
others,  he  can  work  wonders  (navaUlt)  ;  he  can  understand  the  voices  of 
nature  which  speak  in  the  babbling  brook,  the  moaning  of  the  wind,  the 
crackling  fire,  the  nittling  stones  {mival) ;  and  in  his  highest  attainments 
may  transform  himself  into  any  other  form  of  existence  (jiuz  naval). 

Such  is  the  testimony  which  these  rude  natives  bear  through  the  wit- 
ness of  their  language  to  the  source  and  power  of  knowledge  ;  and  such 
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wds  the  impression  it  made  upon  their  untutored  minds  that  even  to  „ 
day,  after  more  than  three  hundred  years  of  Christian  teaching,  it  i>  i 
the  mild  Judean  Virgin,  nor  the  severe  Christian  God  who  is  their  hL:  - 
deity,  but  it  is  the  wise  Naoh,  the  Spirit  of  Knowledge,  the  Gemn^ 
Reason,  who  in  secret  still  receives  their  prayers  as  the  greatest  of  all  \ 
gods.    They  have  also  other  divinities  whose  worship  has  constantly  !'•"- 
retained  in  spite  of  all  the  eflforts  of  the  missionaries.* 

The  word  naual  appears  also  to  have  been  used  to  express  that  inteilp 
tual  communion  with  the  lower  animals  which  the  priests  often  claims 
to  the  effect  that  they  could  understand  the  songs  of  birds,  etc.     Cote  r 
marks  that  the  natives  had  the  superstition  that  twins  are  by  birth  if' 
to  rats,  "that  is,  that  they  have  the  characteristics  of  rats,  that  they  ^ 
gnaw  the  clothing  of  those  who  irritate  them,*'  etc.f 

The  name  Voe  is  that  of  a  species  of  bird  (Cakchiquel  Vaku).  Goto  i 
scribes  it  as  having  green  plumage,  and  a  very  large  and  curved  ' 
apparently  a  kind  of  parrot.     Elsewhere  in  the  myth  (p.  70)  it  is  sai'i 
be  the  messenger  of  Hurakan,  resting  neither  in  the  heaven  nor  in  the  :. 
derworld,  but  in  a  moment  flying  to  the  sky,  to  Hurakan  who  dwells  ili'  r 

The  tribal  gods  are  first  mentioned  in  the  last  part  of  the  Popol  Vuli.  .c 
they  are  said  to  have  been  given  the  people  in  "Tulan  Zuiva,"  :it<"^ 
where  they  went  to  receive  them  (p.  215).     The  Tecpan-Atitlan  n*<.  : 
state  that  these  gods  were  first  given  "in  TuUan  in  Xibalbay,"  one  oi 
four  places  of  the  name  of  Tulan,  which  that  ancient  and  intent':  - 
legend  refers  to.     The  names  of  these  gods  were  Tohil,  Avilix,  Hara^:'. 
and  Nicahtagah. 

*'*Die  bedeu  tends  ten  Gotthelten  der  ladlaner  von  Istlivacan,  denen  sieu'> 
bis  zur  Stunde  zu  gewissen  Zeitea  ini  Geheiiuen,  ira  dustereu  Urforst  <>c:^' 
nnd  zu  deren  Ehreii  siezuweileu  sogar  Feste  begehea,  heissen  :  Noj,  der  <»»" 
der  Vernunfb,  Ajmak,  der  Genius  der  Gesundlieit,  Ik,  der  Mood,  Kaxiil.  der" 
nius  der  Aussaat  und  Juiup,  der  Golt  derErde,  weicher  unter  den  Indianern  ' 
bose  Princip  vorstellt,  im  Gegensatze  zu  KiJ,  dem  Gott  des  Lichtes,  dem  iru  ' 
Princip."     Dr.  K.  Scherzer,  Die  Ind/aner  von  Sania  Qatalina  IsUdoacan,  p-  - 
Tliese  Indians  are  said  to  be  the  pure-blooded  descendants  of  the  anc:- 
Kiches.    Of  these  names  Noh,  Nuoh,  is  explained  above ;  Ahmak  is  the  m: 
of  a  day  in  the  calendar,  meaning  uncertain;  Ik.  the  moon;    Kanil.  yc.  ' 
refers  to  the  color  of  maize  when  ripe  and  hence  the  harvest ;  Juiap,  proUt^ 
uliu  the  earth ;  Kij  =  g'ih,  sun,  day,  light,  <fec.    Dr.  Scherzer  says  ihat  they  ' 
look  upon  mountains,  trees,  etc.,  as  habitations  of  particular  gcMls.  lie  aln)  •• 
that  to  this  day  among  them  every  child  at  his  birth  is  naiued  alter  nu 
under  the  protection  of  some  species  of  animal ;  and  this  animal  is  •■  i    >*• 
nagual  ornawaL    In  one  curious  episode  in  the  Popol  Vuh  where  tl)>*  ' 
sent  forth  to  the  bath  two  beautiful  maidens  in  order  to  seduce  the  g**d  1- 
is  related  that  what  they  wished  was  that  these  virgins  shouUI  be  «ieflt>>«'< 
qui  naual  Tohil^  by  the  mystic  power  of  Tohil  (p.  268).    The  verb  nok  haiJ  i'«'  • 
niilcation  to  fill,  and  hence  to  impregnate,  fecundate,  sind  is  often  so  used  i: 
Popol  Vuh  (e.  g.  p.  12).    This  gives  occasion  for  a  conibi nation  of  gene^u^  '   " 
and  myths  with  the  worship  of  Reason. 

t  That  particular  form  of  superstition  called  N<iguali»M^  which  sUU  pc^^ 
among  some  Central  American  nations,  derives  its  name  froiu  th  W  roi>t.    • 
been  described  by  the  Abb6  lirasseur  in  his  Voyage  aur  Vlsthuw  d-   f  hua(.' 
Paris,  1801,  and  in  the  BulL  cLe  la  tSoc,  de  Oeographie,  Pca'ia^  Ser  1,  jljiI. 
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Tohil  is  supposed  by  Ximoner.  to  bo  the  snmo  as  Toh,  "which  is  Uio  Otli 
(lay  of  the  calendar,  and  is  tlie  sl^tn  of  rain.  Hrassour  thinks  tlie  ortliog- 
raphy  should  bo  Tohohilt  wlilch  is  t^^oin  a  verb  (ohoh,  meaning  to  sound, 
resound,  mal<o  a  loud  \\om\  and  has  relation  to  the  thunder,  the  legend 
saying  that  Toldl  produced  tire  for  men  by  striking  his  shoe.  This  deriva- 
tion ho  bases  on  a  passage  in  the  lieconU  from  Tecpan  Atithn  where  then» 
is  apparent  reference  to  tlds  divinity,  wltli  a  derivation  fnim  tohoh*  It  Is 
as  follows  :  At\er  an  Important  battle  in  the  early  days  of  their  history, 
the  tribes  gathered  togetlua*  on  a  groat  mountain,  Tepeu  Oloman,  and 
thert^  consulted  as  to  measures  of  safety.    The  lieconh  road  ; 

'*Tok    xka    (pitubeh  qa  kl,   ha      xa     colovl    avl,   xoh  cha   chi    re 
**  When  we  asked  one  another  whence  our  comfort,  to  us  then  spoke 
"Qeche    vlnak  :  Xacpd  tohoh  qulhllll  xibe  chi    cah,     xa  chl  cab  xhe 
**  tlie  Klche  nu»n :  It  has  sounded  loudly  above  In  the  sky,  f^*om  in  the  sky 
"nu       colo       vlvl  Xcha      quere         qa  xublnaah     vl 

**our  comfort  will  be.    Tims   was  said   (and  thus)  can\e  the    name 
"Tohohllrl. 
*U?t(>  Loud'Soutuliug  to  them. 

The  derivations  of  a  number  of  other  tribal  names  are  given  in  the  sanu* 
passage,  but  it  Is  probable,  like  many  In  other  ancient  records,  the  deriva- 
tions were  altogether  an  afterthought,  and  were  attached  at  a  late  date 
to  the  ancient  legend. 

It  is  Impossible,  however,  to  obtain  IMil  ft*om  to?to?i  without  straining 
the  rules  of  derivation  in  their  language.  On  the  other  hand.  It  nu\y  be 
very  correctly  explained  ns  the  d(*t(»nnlnatlve  form  of  the  verb  toA,  a  root 
common  to  this  w^holc  linguistic  family.  The  primitive  meaning  of  this 
monosyllable  seems  to  have  been  to  give  what  Is  due,  to  pay  what  Is  owed. 
In  one  sense,  wo  do  this  In  paying  d(»bts.  In  another  In  punishing  an 
enemy.  In  yet  another  In  telling  the  truth  where  It  Is  properly  expected  of 
us.  The  man  who  does  all  this  does  right,  he  Is  just,  he  causes  strife  to 
cea.se,  and  pacifies  his  neighbors ;  as  .such,  he  Is  a  good,  souiul.  luMilthy 
man,  ftve  tVom  Intlrmltles.  That  this  wmis  the  course  of  thought  In  the  de- 
velopnu»nt  of  this  root  will  be  clearly  s(»en  by  the  following  extracts  tVom 
that  admirable  monument  of  llngulstU^  Industry,  the  Diecioitano  tfc  Mottil : 

"Toll:  V.  pagar  deudas. 

"Toh :  s.  la  verdad  ;  lo  que  es  verdad  6  verdadero. 

"Toll;  s.  venganza. 

"Tohil;  derechura,  C  lo  derecho  y  Justlcla. 

"Tohalol;  estar  bueno  0  couvsolado. 

"  Tx>hailollol ;  estar  bueno  de  salud  ;  desculdarse,  asegurarse. 

"Toheiuahol;  consolar  6  (pdetar  y  paclllcar  :  y  asegumr  deuda. 

"Tohol:  sano,  sin  enfernuulad, 

8uch  is  tho  group  of  Ideas  which  wen>  associated  In  the  native  mind 
wUh  the  nauu'  and  character  of  7Wit7.  He  was  the  Just  one,  he  distributed 
equitably  to  men  their  rewards  and  their  punishments,  he  was  the  Com- 


BrintOD.]  634  [Nov.  4, 

forter,  the  Avenger,  who  protected  and  consoled.  He  it  was,  according 
to  the  legend,  who  gave  the  inestimable  blessing  of  fire  to  men,  obtaining 
it  by  striking  his  shoe  (p.  218).  As  the  deity  who  was  looked  up  to  by 
the  Kiche  as  their  benevolent  guide,  teacher  and  guardian,  the  native 
writer  identified  him  with  the  Mexican  Quetzalcoatl,  the  mythical  founder 
of  the  Nahuatl  civilization  (p.  246)  ;  but  this  must  not  be  taken  too  liter- 
ally, as  the  assertion  itself  only  shows  the  general  similarity  of  character 
between  these  two  deities,  and  is  far  from  being  sufficient  to  prove  their 
historical  identity. 

No  derivations  whatever  have  been  suggested  for  Avilix  and  Hacavitz. 
The  latter,  I  think,  is  a  compound  of  hak,  haka,  to  open,  disclose,  reveal, 
and  also  to  listen  to  ;  and  vix,  which  means  primarily  a  root,  but  which  in 
a  metaphorical  sense  meant  ancestors  ;  as  Yarea  says  :  \ 

*'  Vix:  la  rayz  de  todo  arbol.  *  *  A  sus  padres  llaman  tambien  los 
"Tndios,  ru  vixil ;  dicenlo  tambien  de  nuestros  primeros  Padres,  Adan 
"y  Eva." 

The  sense  would  be,  He  who  listened  to  our  Ancestors. 

The  mythical  ancestors  of  the  royal  Cakchiquel  family  of  the  Xahila 

were  ^  a   avitz  and  Zactecauh.*  If,  as  seems  probable,  the  former  is  a  com- 

pound  of  ^  a  ^  nl,  royal,  vix,  root  stem,  stirps,  a  very  natural  meaning  ap- 
c     c 

pears  in  the  name  \  ^  a  ^  ffl  itself,  is,  according  to  the  Calepino  of  Varea, 

a  derivative  from  ^  «  *  fire  or  flame,  through  the  same  easy  analogy  which 

c     c 

leads  us  to  associate  brightness  with  glory  and  greatness. 

I  have  not  found  a  clear  derivation  for  Avilix  ;  but  it  is  probably  from  , 

the  verb  ylin,  future  xavilah,  to  protect,  care  for.  \ 

The  compound  Nicah-tagah  is  plain  enough — nigah,  the  middle,  tagah, 
a  plain,  a  sea-coast,  a  town.  This  is  given  by  Brasseur.  But  one  point 
escaped  his  notice,  which  throws  another  light  on  the  mythological  sig- 
nificance of  this  deity.  By  a  transfer  common  in  most  languages,  the 
word  for  middle  was  also  applied  to  the  organs  of  generation  (las  ver- 
guenzas  de  hombre  6  muger,  Varea,  Calepino).  This  divinity  holds  an  in- 
forior  place,  and  indeed  is,  I  believe,  not  again  mentioned  in  the  legend. 

I  now  pass  to  the  curious  episode  of  the  descent  of  the  hero-god  or  gods, 
Xbalanque,  into  the  underworld,  Xibalba,  his  victory  over  the  inhabitants, 
and  triumphant  return  to  the  realm  of  light.  The  exploits  of  this  demi- 
god are  the  principal  theme  of  the  mythological  portion  of  the  Popol  Vuh.  ^ 

It  was  the  vague  similarity  of  this  myth  to  the  narrative  of  the  descent 
of  Christ  into  Hell,  and  His  ascent  into  Heaven,  to  which  we  owe  the 
earliest  reference  to  these  religious  beliefs  of  the  Guatemalan  tribes  ;  and 
it  is  a  gratifying  proof  of  their  genuine  anti((uity  that  wo  have  this  refer- 
rence.     Our  authority  is  the  excellent  Bishop  of  Chiapas,  Bartolome  de 

*  Records  from  Tecpan-AtWan^  written  by  Don  Francisco  Ernantez  Arana 
Xahila,  1573.  MSS.  in  Cakchiquel  in  my  possession. 
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Ias  Oasas,  and  aficr  him  Alonxo  FornamU%  and  later  writers.    Their  ac- 
count reads : 

*'Dleen  Aii  este  Dlos  [Exbalnnquen]  ^  haxer  p:uerra  al  Infierno,  y  pelo6 
**oon  gnuule  numero  de  demonios.  Venrlo  los,  y  prondio  nl  Key  del 
*'inflerno,  y  a  otros  muohos  de  los  suyos,  y  bolvlo  al  miindo  vitorioso. 
**Llepando  ceiva  de  la  tlerm,  el  Rey  del  inflerno  pidio  que  no  le  w\easse 
*'de  su  lugar.  Exlmlaquen  (que  nsi  se  llanu\n  este  jynui  Dios)  le  dio  un 
**empellon,  y  le  bolvlo  &  su  proprio  Hey  no,  dieiendole  ;  Sea  tuyo  todo 
*'lo  malo,  suelo  y  feo.  Viniendo  veneedor,  no  le  quisiemn  reeibir  los  de 
"Guatemala  y  Chiapa  eon  la  honm  que  era  razon  ;  y  por  lo  eual  se  f\ie 
**i\otra  Provineia,  adonde  tw6  eon  jcrandea  eenMuonias  rtHMbido.  Re- 
"flen^i  que  deste  veneedor  del  dlablo  tuvo  prineiplo  el  sacrifiear 
"hombrea.'** 

Las  Casaa  adds  that  Xbalanquc  was  born  In  Utlatlan.  which  we  may 
construe  as  merely  a  claim  made  by  the  Kiches  to  the  birthplace  of  the 
hero  god,  which  doubtless  would  have  been  contested  by  their  neijjhbow, 
for  there  is  evidence  that  we  have  here  to  do  with  a  myth  whicli  was  a 
common  property  of  the  ^laya  stock.  As  related  in  the  Popol  Vuh  where 
it  is  told  in  a  conAised  manner,  and  at  wearisome  length,  it  is  briefly  as 
follows : 

The  divine  p\\r  Xpiyacoc  and  Xmucane  had  as  sons  TTunhun-Ahpu  and 
Vukub-lIun-Ahpu  (Each-one-a-Magician  and  Seven-times-a-Magician). 
They  were  invited  to  visit  Xibalba,  the  Underworld,  by  its  lonls,  llun- 
Came  and  Vukub-Came  (One-Death  and  Seven-Deaths),  and  accepting 
the  invitation,  were  t reach ertnisly  munlered.  The  head  of  Hunhun-Ahpu 
was  cut  off  and  suspended  on  a  trtH\  A  maiden,  by  name  Xquiq,  Blood, 
iwssed  that  way,  and  looking  at  the  trt^e,  longed  for  its  fVuit ;  then  the 
head  of  Hunhun-Ahpu  cast  forth  spittle  into  the  outstretciunl  palm  of  the 
maiden,  and  forthwith  she  becanu*  pregnant.  Angennl  at  her  condition, 
her  father  set  about  to  slay  her,  but  she  escaped  to  the  upper  world  and 
thert>  brought  forth  the  twins  Ilun-Ahpu  and  Xbalanquc.  Tliey  grt»w  in 
strength,  and  performed  various  deeds  of  prowess,  which  are  rt^lated  at 
length  in  tlie  Popol  Vuh,  and  were  at  last  invited  by  the  lords  of  the 
Underworld  to  visit  them.  It  was  the  intention  of  the  rulers  of  this  dark 
land  that  the  youths  should  meet  the  same  fate  as  their  father  and  uncle. 
But  prepan»d  by  warnings,  and  sklUed  in  magic  power,  Xbalanquc  and  his 
brother  foiled  the  murtlerous  designs  of  the  lords  of  Xllnilba  ;  pretending 
to1>e  burned,  and  their  ashes  cast  into  the  river,  they  rose  ft*om  its  waves 
unharmed,  and  by  a  stmtagem  slew  Hun-C^'ame  and  Vucub-Oanu\  Then 
the  inhabitants  of  the  Underworld  were  terrified  and  tied,  and  Ilun-Ahpu 
and  Xblanque  ivleased  the  prisoners  and  reston^d  to  life  those  who  had 
been  slain.    The  latter  n^so  to  the  sky  to  become  Its  countless  stars,  whlfe 

^TiASCasns,  HUtorfa  Apofoffetim  d0  laa  TndifM  OcrWw»fa?r«,  cap  oxxlv  (Madrid 
edition):  P.  F.  Alonio  Fcrnandes,  Ai«<orta  JOpcffAi'cuKca  (l«  Nt^xtrm  T\fnipo9^\i^ 
137.    (Toledo,  lOll). 

PROc.  AMBR.  riiiLOs.  Boc.  XIX.  100.  4d.    trintrd  dec.  dO»  1881. 
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IIun-hun-Ahpu  and  Vucub-Hun-Ahpu  ascended  to  dwell  the  one  in  the 
sun,  the  other  in  the  moon. 

The  portion  of  the  legend  which  narrates  the  return  of  Xbalanque  to  the 
upper  world,  and  what  befell  him  there,  as.  referred  to  in  the  myth  pre- 
served by  Las  Casas,  is  not  preserved  in  the  Popol  Vuh. 

The  faint  resemblance  which  the  early  missionaries  noticed  in  this  re- 
ligious tradition  to  that  of  Christ  would  not  lead  any  one  who  has  at  all 
closely  studied  mythology  to  assume  that  this  is  an  echo  of  Christian 
teachings.  Both  in  America  and  the  Orient  tlie  myths  of  the  hero  god, 
bora  of  a  virgin,  and  that  of  the  descent  into  Hades,  are  among  the  most 
common.  Their  explanation  rests  on  the  universality  and  prominence  of 
the  processes  of  nature  which  are  typified  under  these  narratives.  It  is 
unscientific  to  attempt  to  derive  one  from  the  other,  and  it  is  not  less  so  to 
endeavor  to  invest  them  with  the  character  of  history,  as  has  been  done  in 
this  instance  by  the  Abb6  Brasseur  (de  Bourbourg),  and  various  other 
writers. 

The  Abl:6  maintained  that  Xibalba  was  the  name  of  an  ancient  State  in 
the  valley  of  the  Usumasinta  in  Tabasco,  the  capital  of  which  was 
Palenque.*  He  inclined  to  the  belief  that  the  original  form  was  tzibalba, 
which  would  mean  painted  mole,  in  the  Tzendal  dialect,  and  might  have 
reference  to  a  custom  of  painting  the  face.  This  far-fetched  derivation  is 
wholly  unnecessary.  The  word  Xibalba,  Cakchiquel  Xibalbay,  Maya 
Xibalba,  Xabalba  or  Xubalba  (all  found  in  the  Diccionario  de  Motul,  MSS.), 
was  the  common  term  throughout  the  Maya  stock  of  languages  to  denote 
the  abode  of  the  spirits  of  the  dead,  or  Hades,  which  with  them  was  held  to 
be  under  the  surface  of  the  earth,  and  not,  as  the  Mexicans  often  supposed, 
in  the  far  north.  Hence  the  Cakchiquels  used  as  synonymous  with  it  the 
expression  '*the  centre  or  heart  of  the  earth.'* 
C  c/t'w  qux  uleu 
I  in  its  heart  the  earth.  (<^''*°  •°^^-  *•  ^-  >" 

Coto  adds  that  the  ancient  meaning  of  the  word  was  a  ghost  or  vision  of 
a  departed  spirit — "  antiguamente  este  nombre  Xibalbay  significaba  el  de- 
"monio,  vel  los  diffuntos  d  visiones  que  se  les  aperescian,  y  asi  decian,  y 

"aun  algunos  ay  que  lo  dicen  oy,  xuqutzii  xibalbay  ri  ^  etzam  chi  nu  vacJi, 

c 

"se  me  apereci6  el  diffunto." 

After  the  conquest  the  word  was  and  is  in  common  use  in  Guatemala 

dialects  to  mean  fiell,  and  in  Maya  for  the  devil.     Cogolludo  states  that  it 

was  the  original  Maya  term  for  the  Evil  Spirit,  and  that  it  means  ''He 

who  disappears,  or  vanishes,  "f    He  evidently  derived  it  from  the  Maya 

verb  xibil,  and  I  believe  this  derivation  is  correct ;  but  the  signification  he 

•  Dissertation  sur  les  Mythes  de  VAntiquUi  AmeHcainey  \  vili  (Paris,  1861) ;  see 
also  hlM  note  to  the  Popol  Vuh,  p.  70. 

t  *  El  Demonio  se  llamaba  Xibilha^  que  quiere  decir  el  que  se  desparece  6  des- 
banece."  Hisforiade  Yunathan,  Lib.  Iv,  cap.  vil.  Cogolludo  had  lived  In  Yuca- 
tan twenty-one  years  when  he  was  making  the  final  revision  of  his  History, 
and  was  moderately  well  acquainted  with  the  Maya  tongue. 


( 


1881.]  637  [Brlnton. 

glvoe  is  not  complete.  I  quote  fVoiu  the  Diccionano  do  Motul,  MS8.  tho 
entry  relating  to  this  word  : 

**  Xlbll,  xibi,  jtifnc :  cundlr  como  gota  de  aoeita  ;  eaparciree  la  comida  eu 
"la  digestion,  y  deaharerae  la  aal,  niove  6  yelo,  humo  0  niebla. 
**it<'m:  despareeerse  una  vision  6  fantasuia. 
*'item :  teniblar  de  miedo  y  espantarse. 
**iUm :  quitarso  el  dolor  y  la  calentura." 

In  the  Cakehiquel  we  have  the  same  word  xibih,  to  frighten,  to  terrify, 
from  which  are  derived  tho  instrumental  tbrm  .ribifwh,  tlie  verbal  noun 
Mibal  that  whieli  eauses  terror  (f.  fir.,  xibibal  gt'l  lit.  ** tiuit  which  frightens 
birds,"  i.  e,  tho  scarecrow  set  up  in  the  cornllelds,  Varea),  etc.  This  is 
tho  secondary  moaning  of  the  root,  and  is  tho  only  one  which  seems  to 
have  survived  in  tlie  Guatemala  dialects.  Tlio  original  signittcation  of  the 
word  was  undoubtedly  "to  molt,  dissolve,"  thus  disappear,  and  In  this 
sense  it  was  applied  to  the  act  of  death,  tho  disappeamnco  of  man  from 
tills  mortal  life. 

It  is  n\ost  interesting  in  this  instance  to  note  how  the  mental  processes 
of  these  secluded  and  semi-barbarous  tribes  led  them  to  precisely  the  same 
association  of  ideas  which  our  greatest  dramatist  expresses  in  tlie  opening 
linos  of  Hamlet's  famous  soliUxpiy  : 

**  O,  that  this  too  too  solid  tlosh  would  melt, 
Thaw,  and  rosolvo  ilsolf  into  a  dow ;  " 

And  which  Cicero  records  in  tho  expression  dmolntio  naturcb  in  tho  sense 
of  death  (/>(?  Legibxt$  L  iL  H  al). 

Tlie  natural  terror  and  friglit  with  which  death  and  ghosts  are  every- 
wliere  regarded,  and  especially,  as  Landa  remarks,  by  this  pooi)le,*  ex- 
plains how  this  secondary  meaning  became  predominant  in  tho  word. 
Tlio  termination  bti  means  in  the  Guatemala  dialects,  where,  whence, 
whither,  6c.y,  a  path  or  road  ;  Xibilbaf/  thus  signifies,  in  its  locative  sense, 
the  place  where  they  (*.  e.  tho  dead)  disappear,  tho  Hades,  the  lnvisil)lo 
llealm,  which,  as  I  have  above  appointed  out,  was  supposed  to  In)  under 
the  ground. 

It  was  a  common  belief  among  many  tribes  in  America,  as  I  have  else- 
whore  8liown,t  ^^^ft^  their  earliest  ancestors  emerged  from  a  world  which 
underlies  this  one  on  which  we  live,  and  in  ancient  Cakehiquel  legend, 
tiie  same  or  a  similar  notion  seems  to  have  prevailed.  At  least,  such  I 
take  to  bo  tho  sense  of  a  passage  in  tlie  earlier  pages  of  tho  }kmon(d  de 
2W pan- At Ithuif  which  I  shall  transcriljo  from  the  copy  in  my  possession, 
with  tho  translation  of  tho  Abbe  IJrasseur,  which,  however,  by  his  own 
statement,  cannot  bo  depended  upon  as  accumte. 

"Tan  qa  talax  ri  Chay  Abah,  rumah  raxa  Xibalbay,  gana  Xibalbay  tan 
"qa  tiqak  vinak  rumaqakol  bitol  ;  tzukul  richin  riChay  Abah  ok  xqak 
"ri  vinak  pan  pokon  qa  xut/Jn  vinak. 

^  Uelacton  de  las  Cfoaas  dt*  Yucatan^  if  xxxlli. 

t  The  Myifii  qfthe  New  World,  p.  241  (seooud  edition). 
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''Le  Cliay  Abah  est  sort!  de  Xibalbay,  du  riche  et  puissant  Xibalbay. 
"L'hoinme  est  Teuvre  de  son  createur  et  formateur,  et  celui  qui  sou- 
"  tiens  le  Createur  c'est  ee  Chay  Abah.  Or  il  forma  I'liomme  et  le  per- 
"fectionna  dans  le  douleur.'* 

The  name  of  the  hero-god  Xbalanque  is  explained  by  the  Abb6  Bras- 
seur  to  be  compounded  of  the  diminutive  prefix  a?,  balam  a  tiger  and  the 
plural  termination  que.*  Like  so  many  of  the  derivations  offered  with 
great  confidence  by  the  worthy  Abbe,  this  one  is  quite  incorrect.  There  is 
no  plural  termination  que,  neither  in  the  Kiche  nor  in  any  related  dialect ; 
and  the  signification  "tiger"  (jaguar,  Felix  unca  Lin.  in  Mexican  oce- 
lotl),  which  he  assigns  to  the  word  balam  is  only  one  of  several  which 
belongs  to  it. 

The  name  is  compounded  of  the  prefix,  either  feminine  or  diminutive  4 

x;  balam,  or,  as  given  by  Guzman,  balan;\  and  queh,  deer.  This  is  the 
composition  given  by  Ximenez,  who  translates  it  literally  as  "diminutivo 
de  tigre  y  venado."t 

From  analogies  easy  to  perceive,  the  name  balam,  was  also  applied  to  a 
class  of  warriors  ;  to  a  congregation  of  priests  or  diviners  ;  and  to  one  of 
the  inferior  orders  of  deities.  In  composition  it  was  applied  to  a  spotted 
butterfly,  as  it  is  in  our  tongue  to  the  "  tiger  lily  ; "  to  the  king-bee,  to 
certain  rapacious  birds  of  prey,  etc. 

1  quote  the  following  entries  in  the  manuscripts  before  me  : 

''Balam:  tigre. 

"Balam  malax:  mariposa  grande. 

Guzman,  Compendio  de  Nomhres, 
*'  Balamil  cab :  el  rey  de  abejas. 
"Balamil  cah:  los  sacerdotes  del  pueblo,  cacique  y  regidores,  que  i, 

"con  su  fortaleza  lo  guardan. 
"  Balamil  chich :  aves  de  rapina. 

Diccionario  de  Motul. 


f  ( 


"Balam :  el  tigre,  Zakbalam,  tigre  pequeno  de  su  natureleza;  ^ana  balam, 

"el  grande. 

"Balam:  tambien  sig*  un  siirno  deloslndios.    Maceval^iJi  P^  halam, 

"6  Maria  ocbalam.  Balam  se  llama  el  echizero. 

Varea,  Calepino. 

In  the  last  entry  quoted,  we  find  that  balcm  was  the  name  of  one  of  the 
days  of  the  Kiche-Cakchiquol  calendar.  It  was  in  fact  the  twelfth  of  their 
week  of  twenty  days,  and  in  the  Mexican  calendar  ocelotl  stood  for  the  four- 
teenth of  the  twenty  days.  QtieJi,  the  deer,  was  also  t  he  name  of  a  sign  or  day, 
the  seventh  in  the  Kiche-Cakchiquel  calendar ;  but  was  also  used  to  ex- 

*  "  Les  Petits  Tigres,"  Mylhea  de  VArUiquUi  Amlrieaine^  g  vlil ;  Popol  Vuh,  p.  34, 
note. 
t  Compendio  de  Nombrea  en  Lengua  OakchiqueL  MSS* 

X  Las  Ilistoricu  del  Origen  de  loe  Indios,  p.  16. 
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press  two,  thirteen,  five  or  six  days,  as  is  stated  by  Varea  in  the  following 
entry  in  his  Calepi7io. 

"  Queh :  el  venado.  Ha  se  estendido  la  significacion  a  mulas,  caballas 
**  y  machas.  Sig*  un  cierto  dia  ;  otras  veces  dos  dias  ;  otras  veces  es  signo 
* '  de  trece,  otras  veces  cinco  o  seis  dias  a  la  quenta  de  los  Indios  :  xa  hun 

*' quell  V€B  ^iJi,  5,  cay  queh,  voo  quch,  xahaki,  5,  oxlahuh  queh, 
c 

It  is  not  easy  to  explain  the  principles  which  governed  the  calculation 
of  time  among  the  Kiche-Cakchiquel  tribes,  only  vague  and  contradictory 
accounts  concerning  it  having  reached  us,  the  analysis  of  which  I  trust  to 
undertake  in  another  article.  Suffice  it  to  say  here  that  the  hero-god 
whose  name  is  thus  compounded  of  two  signs  in  the  calendar,  who  is  born 
of  a  virgin,  who  performs  many  surprising  feats  of  prowess  on  the  earth, 
who  descends  into  the  world  of  darkness,  and  sets  free  the  sun,  moon  and 
stars  to  perform  their  daily  and  nightly  journeys  through  the  heavens, 
presents  in  these  and  other  traits  such  numerous  resemblances  to  the 
Divinity  of  Light,  reappearing  in  so  many  American  myths,  the  Day- 
Maker  of  the  northern  hunting  tribes,  that  I  do  not  hesitate  to  identify  the 
narrative  of  Xbalanque  and  his  deeds  as  one  of  the  presentations  of  this 
widespread,  this  well-nigh  universal  myth,  guarding  my  words  by  the 
distinct  statement,  however,  that  the  identity  may  be  solely  a  psychologi- 
cal, not  a  historical  one. 

It  will  not  be  without  interest  to  trace  the  bcUam  myth  in  its  later  de- 
velopment. "We  see  in  the  quotation  from  the  Diccionario  de  Motah  that 
the  title  was  applied  to  the  priests,  chief  and  rulers  on  whom  the  defence 
of  the  city  rested.  There  were  also,  in  Yucatan,  four  certain  divinities 
closely  connected  with  the  Calendar,  called  the  Bacabab.  The  myths  of 
these  correspond  in  a  general  way  with  that  of  Xbalanque,  sufficiently  so 
to  recognize  that  they  played  a  corresponding  part,  and  the  halam  and  the 
bacdb  have  been  identified  in  modern  Maya  superstition.  The  four  bacabab 
were  four  giants  {chaac)  who  sustained  the  heavens,  presided  over  the 
years,  were  the  gods  of  rain  and  agriculture,  who  sent  the  winds  on  their 
swift  journeys,  and  hurled  the  lightning  flash  from  the  heavens.  The 
memory  of  these  mighty  beings  is  still  preserved  by  the  native  Mayas  of 
Yucatan,  and  even  with  all  their  devotion  to  the  Romish  Church,  they  do 
not  neglect  the  pious  rites  to  these  ancient  and  beneficient  national  divini- 
ties ;  and  what  is  to  my  purpose  here,  is  the  fact  that  they  still  pay  them 
homage  under  this  very  name  of  the  Balams.  In  Maya  the  plural  termina- 
tion is  obj  and  with  the  masculine  prefix  h,  their  name  becomes  Hbalam  ob, 

I  have  in  my  possession  a  Spanish  manuscript  written  in  Yucatan  about 
twenty  years  ago,  in  which  are  collected  various  superstitions  still  preva- 
lent among  the  natives.  The  accounts  are  from  diflferent  sources,  and  as 
the  matter  is  both  new  to  students  of  such  matters  and  of  importance  in 
tracing  the  development  of  the  religious  notions  of  the  natives,  I  shall 
give  a  translation  of  those  paragraphs  which  describe  the  still  prevalent 
belief  in  the  Hbalamob.    The  authorities  given  for  the  account  are  the 
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eminent  antiquary,  Don  Crescencio  Carrillo,  Don  Jose  Maria  Lopez,  and 
the  Licenciate  Zetina  of  Tabasco. 

**The  Hbalamoh  are  certain  very  ancient  men  who  take  charge  of  and 
*' guard  the  towns.  One  of  them  is  constantly  on  the  watch  on  the 
*'  north  side  of  the  town,  another  on  the  south,  a  third  on  the  east,  and 
*' a  fourth  on  the  west.  During  the  day  they  are  invisible,  although 
**they  are  occasionally  seen  ;  but  those  who  have  this  privilege  are  very 
''sure  to  meet  soon  afterwards  with  some  serious  misfortune,  as  to  be 
**  stricken  dumb  for  a  while,  or  to  be  attacked  with  a  dangerous  malady. 

"As  soon  as  night  arrives  the  Hbalam  becomes  more  alert  and  vigilant, 
**  without  which  the  town  would  soon  suflfer  great  misfortune.  A  violent 
"rain,  a  hurricane  or  a  plague  would  promptly  visit  it.  Although  rarely 
**seen  even  at  night,  one  may  often  hear  the  shrill  whistle  with  which 
"they  call  to  each  other  for  assistance  in  repelling  the  malignant  in- 
*'  fluences  which  would  assail  the  town.  These  the  native  represents  to 
"himself  as  personified  in  individuals,  as  did  the  ancient  Romans  and 
"Greeks. 

"The  whistle  which  is  their  signal  to  each  other  is  so  loud  and  shrill  that 
"it  can  be  heard  from  one  end  of  the  town  to  the  other,  no  matter  how 
"far  that  may  be.  United,  they  oppose  with  all  their  might  the  malig- 
"nant  powers  which  would  attack  the  town.  Such  is  their  gigantic 
"strength  that  the  day  after  a  conflict  of  this  kind  one  will  find  the 
"arena  of  the  contest  strewn  with  large  trees  broken  down,  torn  up  by 
"the  roots  and  split  into  fragments,  and  the  earth  is  beaten  and  up- 
"  heaved  in  a  manner  that  could  not  proceed  from  any  human  agency  ; 
"even  large  stones  have  been  broken  into  pieces  in  such  battles. 

"  Although  the  Ilbalam  has  no  wings,  he  has  the  power  of  flying  through 
"the  air.  \ 

"  Not  only  the  natives  but  the  whites  of  the  interior  have  implicit  faith  in 
"these  mysterious  beings.  There  is  not  an  Indian  who  has  a  corn-field 
"who  omits  to  propitiate  on  the  proper  day  the  Hbalamob  by  a  suita- 
"ble  offering.  This  is  a  very  ceremonious  act  which  is  presided  over  by 
"the  hkin  (native  priest),  and  were  it  neglected,  the  corn  would  wither 
"  for  want  of  rain  or  for  some  cause  be  ruined. 

"When  an  Indian  is  reproached  with  the  error  of  believing  in  the  exist- 
"ence  of  these  Hbalamob,  which  he  has  never  seen,  he  contents  hira- 
"self  with  the  reply;  'Ah!  hix-maJieh  Tiah!*  *Ah!  How  can  it  be 
"otherwise  than  true  !* 

"They  are,  however,  seen  on  various  occasions.  Thus  tlioy  say  that  an  In- 
"dian  and  his  wife  once  went  to  their  cornfield  to  gulljcr  ears.  While 
"at  work  the  Indian  left  the  field  to  get  some  water,  and  his  wife  threw 
"off" the  gown  she  wore  lest  it  should  be  torn,  and  was  naked.  Sud- 
"denly  she  heard  some  one  call  to  her  in  a  loud  voice:  ' Plxc  nuito 
'*  xnoh  chin* :  (Tapa  taculo,  gran  diahlo);  at  the  same  time  she  received 
"two  smart  blows  with  a  cane.  She  turned  and  saw  a  tall  man  with 
"a  long  beard  and  a  gown  which  reached  to  the  earth  at  his  feet. 
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**  This  was  tho  Ilbalam.  lie  gave  her  two  more  blows  and  disappeared^ 
•*and  she  bore  tho  marks  of  the  four  cuts  the  rest  of  lier  life. 
•*  At  another  time,  in  tho  province  of  Tihosuco,  an  Indian  had  forgotten  to 
"offer  tho  Ilbalam  a  gift  when  the  corn  w^as  planted.  As  tho  cars  were 
•'about  ripening  ho  visited  his  field  to  look  at  them.  He  found  in  it  a 
"tall  man  who  was  engaged  in  picking  the  cat's  one  bj"  one,  and  placing 
"them  in  a  itu.r<ic,  or  largo  basket,  which,  according  to  tho  custom  of 
"the  country,  ho  carried  fastened  to  his  shoulders.  Tlie  Indian  saluted 
"him  with  some  mistrust.  The  other,  who  was,  in  fact,  the  Ilbalam, 
"answered  the  salute  curtly  and  added  :  *I  am  here  gathering  in  that 
"which  I  sent.*  Shortly  afterwards  he  took  ftrom  his  pouch  an  immense 
"cigar,  'such  as  the  Hbalamob  are  accustomed  to  smoke*  parent hetic- 
"  ally  added  the  narrator,  and  picking  up  his  flint  and  steel  began  to 
"strike  sparks.  But  the  sparks  ho  struck  were  flashes  of  lightning,  and 
"the  sound  of  his  blows  was  terrible  thunderclaps  which  shook  tho  very 
"earth,  and  the  Indian  fell  to  tho  ground  unconscious  whh  terror. 
"When  he  came  to  himself,  a  hail  storm  had  destroyed  his  corn.  On 
"his  return  ho  fell  sick  with  a  fever  which  nearly  cost  him  his  life. 

"It  is  a  general  belief  among  the  Indians  that  the  shooting  stars  are 
"nothing  else  than  tho  stumps  of  their  huge  cigai-s  thrown  away  by  the 
"Hbalamob,*' 

Returning  to  tho  myth  of  Xbalanquo,  it  is  evident  that  in  the  Popol  Vuh 
one  imi)ortant  imrt  of  it  is  omitted,  that  Is,  the  portion  describing  his 
actions  after  returning  ttom  tho  underworld,  and  we  can  but  meagrely 
supply  this  omission  fVom  other  sources.  According  to  the  earliest  authori- 
ties, his  egress  was  made  at  Coban  in  Vera  Paz,  and  at\er  he  had  como 
forth  he  stopped  up  the  aperture  or  cavern,  so  that  no  other  one  could  de- 
scend.* 

The  divinities  Ilun  Bat/,  and  Ilun-choven  are  represented  In  the  Popol 
Vuh  as  skilled  in  imlnting,  singing,  playing  the  flute,  In  working  gold  and 
jewels,  and  in  cutting  stones.  Several  meanings  can  be  given  to  each  of 
these  names.  Ilun-Hatz  is  translated  by  Ximenez  a  thread ;  its  proper 
form  is  Baq,  in  Cakchiquel,  from  tho  verb  to  spin,  weave,  and  I  presume 
refers  to  IIun-Batz  as  presldhig  over  tho  textile  arts,  llun-choven  is 
stated  by  Ximenez  to  mean  one  who  is  neat  (uno  quo  esta  en  ortlen)  ;  by 
Brasseur,  un  qui  «V//*VWiY.  The  verbal  form  chove  is  rendered  by  Varca 
•*  blanquearse,"  to  whiten,  bleach  or  polish  up.  This,  too,  seems  to  bear 
a  distinct  reference  to  the  arts.  Their  mother  Is  Xbakiyalo,  fVom  .r,  female 
prefix,  haK\  bono  or  bones,  and  yaloh^  to  keep  together.  Xlmenez  tnuis- 
lates  it  litemlly  tied  bones  (huesos  atados),  but  it  should  be  "She  who  pre- 
serves the  bones,**  and  pix)bably  has  reference  to  the  general  care  with 
which  the  bones  of  the  dead  were  preserved  with  religious  respect  by 
various  members  of  tho  Red  Race, 

*  irioronlmo  Roman,  De  ta  RepHblica  de  las  Tndias  Occidcntates,  Lib.  11,  cnp  xv, 
(Salamanca,  15v)5), 
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The  father  of  these  divinities  was  Hun-hun-ahpu,  himself  the  son  of  the 
original  pair,  Xpiyacoc  and  Xmucane. 

The  Abb^  Brasseur  has  taken  pains  to  make  this  myth  of  the  two 
brothers  appear  to  be  of  Nahuatl  origin.  On  the  contrary,  there  is  strong 
evidence  that  it  is  essentially  a  Maya  myth,  and  originally  bore  a  close  re- 
lation to  others  prevailing  in  Yucatan.  This  evidence  is  found  in  the 
pages  of  Father  Hieronimo  Roman,  and  I  regard  the  version  he  gives  of  so 
much  interest  that  I  will  translate  it  from  the  third  part  of  his  extremely 
scarce  work  Las  RepubUcas  del  Maiido,  published  at  Salamanca  in  1595. 

'•Their  tradition  says  that  there  were  a  husband  and  wife  who  were 
"divine.  The  man  was  called  Xchel,  and  the  woman  Xtcamna.  Thev 
''  considered  these  two  father  and  mother,  having  three  sons.  The  oldest 
**  together  with  some  others  grew  arrogant,  and  desired  to  make  creatures 
**for  themselves  against  the  wish  of  the  father  and  mother;  but  they 
*' could  not,  because  the  work  which  came  from  their  hands  turned  out  tu 
**be  only  old  earthenware  lit  for  common  purposes  as  for  pots  and  pans, 
*'and  other  utensils  of  yet  meaner  uses.  The  younger  sons  who  were 
'*  called  Iluncheuen  and  Hunahan  asked  permission  of  their  father  and 
"mother  to  make  creatures,  and  they  received  it,  their  parents  saying 
"they  might  have  it  because  they  had  demeaned _ themselves  humbly. 
"They  at  first  made  the  heavens  and  the  plants,  fire,  air,  water  and 
' '  earth.  Then  they  made  man  from  the  earth.  The  others  who  pre- 
"  sumptuously  tried  to  make  creatures  against  the  will  of  the  parents 
"were  cast  into  the  infernal  regions.  All  the  natives  who  are  engaged 
"in  the  arts,  such  as  painters,  weavers  of  feathers,  sculptors,  workers  in 
"silver  and  gold,  and  the  like,  honor  highly  these  two  younger  brothers, 
'  *  and  ask  their  favor  and  aid  in  order  to  obtain  skill  in  their  arts  and 
"trades,  but  they  do  not  believe  them  to  be  the  highest  divinity.*'* 

In  this  narrative  Roman  gives  the  name  of  Hun  ahau  (a?tan  is  an 
obvious  misprint),  instead  of  Hunbatz  ;  and  assigns  to  them  as  parents  the 
distinctively  Maya  divinities  Itzamna,  the  mythical  civilizer  and  discoverer 
of  picture  writing,  and  Xchel,  the  goddess  of  medicine,  childbirth,  etc., 
although  he  confuses  the  sex  of  the  parents.  It  is  an  interesting  proof  ol 
the  antiquity  of  the  legend,  and  of  its  extension  into  the  pure  Maya  speak- 
ing communities,  with  whom  probably  it  was  a  relic  of  very  ancient  myths 
common  to  the  Maya-Kiche  stock. 

I  have  reserved  for  a  special  subject  of  discussion  the  relationship  t»f 
some  of  the  names  of  divinities  in  the  Popol  Vuh  to  those  of  tlie  Azloc^ 
mythology.  It  is  the  received  and  favorite  theory  with  many  that  tlu- 
civilization  of  Guatemala  was  at  first  a  legacy  from  some  Nahuatl  hpi^ak- 
ing  race,  either  Toletcs  or  Aztecs.  The  substantial  identity  of  the  niyihv>l<». 
gies  of  the  two  peoples  has  also  been  assumed.  How  far  the  identity 
extended,  I  shall  now  examine. 

*  De  la  Repahllca  de  las  Indias  Occidentdles,  Lib.il,  cap  xv.  This  extract  l« 
also  given  by  Garcia,  Origen  de  los  Indios^  Lib.  v,  cap  vl,  but  he  ha8>coiupleu..v 
distorted  the  proper  names. 
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Certainly  the  native  writer  of  the  Poppl  Vuh  claims  a  common  origin 
with  the  Nahuatl  race.  Like  them  he  traces  his  descent  from  the  mythical 
seven  caves,  seven  ravines  or  seven  sons  which  are  familiar  in  Aztec  myth. 
He  quotes  an  ancient  song  which  began  with  the  words  Kamucu,  we  see, 
which  ran  like  this : 

**Alas,  in  Tulan  were  we  ruined,  there  we  separated,  there  they  re- 
"mained  behind,  our  brothers,  our  kinsmen.  We  indeed  have  seen  the 
"sun,  but  they,  where  are  they  now,  now  that  the  day  is  breaking? 

"Thus  did  our  ancestors  chant  to  the  priests,  the  Yaqui  men. 

"Verily,  the  god  named  Tohil  is  the  god  of  the  Yaqui  men,  Yolcuat 
"  Quetzalcoat  by  name,  when  we  separated  in  Tulan,  in  Zuiva.  Thence 
"indeed  came  we  forth  together;  there  was  the  common  parent  of  our 
"  race  whence  we  came.    So  said  they  one  to  another. 

"Then  they  called  to  remembrance  their  brothers,  there,  far  off,  behind 
"them,  the  Yaqui  men,  where  the  day  came,  in  Mexico,  as  it  is  now 
"called." 

The  "Yaqui  men,"  yaqui vinak,  was  and  still  is  the  (Common  term  in 
KicJ^e  and  Cakchiquel  for  the  Aztecs  ;  yaqui  itself  being  an  adjective  in 
those  dialects  signifying  polished,  cultivated,  civilized.*  There  was  un- 
doubtedly frequent  commercial  intercourse  between  the  Aztec  and  neigh- 
boring races,  and  among  the  descendants  of  the  original  seven  brothers 
were  claimed  to  be  such  totally  diverse  races  as  the  Otomis  and  Tarascos, 
so- that  it  is  not  surprising  that  the  early  Kiches  in  a  measure  accepted  an 
origin  from  the  same  prolific  source.  Tohil  and  Quetzalcoatl  resemble  each 
other  in  vague  outlines,  and  hence  the  scribe  identified  them  just  as  Taci- 
tus identified  the  Teutonic  Thor  with  the  Latin  Vulcan.  There  is  no  real 
similarity  between  the  two. 

The  name  Chimalmat  also  appears  in  the  Quetzalcoatl  myth  in  the  form 
Chimalmatl.  According  to  one  account,  she  was  the  second  wife  of  the 
father  of  men,  Iztac-mixcohuatl  and  the  mother  of  Quetzalcoatl ;  or  she 
was  a  virgin,  and  finding  a  cTialchihuitl,  a  sacred  green  stone,  swallowed 
it,  and  becoming  pregnant  bore  Quetzalcoatl ;  or  again  she  was  the  wife  of 
Camaxtli,  god  of  hunting  and  fishing,  and  had  by  him  five  sons,  one  of 
whom  was  Quetzalcoatl. f  The  name  in  Nahuatl  is  from  charnaUi,  a  shield, 
and  probably  matlalin,  dark  green.  We  find  her  in  the  Popol  Vuh  as  the 
wife  of  Vukub  Cakix,  Seven  Aras,  the  ara  being  the  bird  of  brilliant 
tropical  plumage  called  in  Aztec  the  Quetzal.  Although  her  name  can  bo 
explained  as  a  Kiche  word,  it  is  most  probably  a  loan  from  Mexican 
mythology. 

The  name  tepeu  which  I  have  derived  from  a  Maya  root  is  found  also  in 

*The  Yaqui  tribe  in  Sonorahasno  connection  with  this  tradition,  the  identity 
of  names  being  accidental,  and  the  meaning  of  the  words  different.  Yaqui  Is 
also  an  Aztec  word  meaning  "  departed  or  gone  away  to  some  other  region," 
emigrants  (ido  6  partido  para  alguna  parte.  Molina,  VocabulaHo  MexlcanOf  s.  v.). 

t  These  various  myths  are  given  in  Toribio  de  Motilinia,  Bistoria  de  los  Indios 
tie  Nueva  ISapaua,  EpUtola  Proimial,  p.  10,  and  Oeronimo  de  Mendieta,  HUtoria 
Ecclesiastica  Indiana,  Lib.  ii,  cap  xxxiii. 
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Kahuatl  with  almost  the  same  significations,  as  will  be  apparent  from  the 
following  quotations  from  Molina's  VocaJnilario  Mexicano  (Mexico,  1578). 

"Tepauaui,  el  que  excede  a  los  otros  y  les  lleva  ventaja  en  algo,  d 
**el  que  es  vencedor. 

"Tepan  nicac,  presidir  d  governar  (nicac  is  an  adverbial  ending 
"signifying  presence  in  time  and  space,  here  is,  there  is). 

"Tepeuaniy  conquistador  6  vencedor  de  batalla." 

The  same  may  be  said  of  the  Kiche  and  Maya  word  aTianiy  chief,  lord, 
often  applied  to  divinities  ;  this,  too,  reappears  in  Nahuatl  in  the  sense  of 
enjoyment,  ease,  taking  one's  pleasure,  as  a  great  ruler  is  supposed  to  do. 
The  following  are  also  from  Molina. 

**Ahauia,  regozijarse,  y  tomar  placer. 

**  AhauUtia,  espaciarse,  recrearse  d  pasear  tiempo. 

'*  Ahavixcay  alegremente, " 

But  the  carefUl  student  in  comparing  these  words  and  their  derivatives 
in  Aztec  and  Maya  will  find  that  while  in  the  latter  tongue  their  whole 
history  can  be  traced  from  the  primary,  literal,  concrete  meaning  through 
the  secondary,  transferred  and  metaphorical  senses,  this  is  not  the  case  in 
Aztec,  but  that  in  it  they  appear  only  with  a  late  secondary  signification. 
This  is  conclusive  evidence  that  the  borrowing  was  not  from  Aztec  to 
Maya,  but  from  Maya  or  its  dialects  to  Aztec,  and  this  at  a  comparatively 
late  date  in  linguistic  history. 

I  shall  illustrate  this  by  another  example.  I  have  previously  traced  the 
development  of  the  name  Nanauac  from  a  Maya  root,  branching  off,  and 
extending  through  an  interesting  series  of  related  conceptions.  Words 
f^om  this  same  root  are  also  found  in  Aztec,  but  all  derived  from  a  late 
form,  and  in  a  bad  sense.    Molina  gives  ;  ( 

*'  NauaUij  bruxa. 

'*  Nauallatiay  esconderse  para  asechar  d  hacer  mal  a  otro, 

**  NauaUotl,  negromancia  d  cosa  semejante." 

No  other  significations  are  given  by  Molina  to  words  from  this  root  ex- 
cept such  as  relate  to  sorcery  and  witchcraft.  Evidently  the  Aztecs  had 
borrowed  it  after  it  had  reached  this  meaning  in  its  development,  and  it 
would  be  in  vain  to  attempt  to  show  its  history  from  Nahuatl  sources, 
whereas  this  is  easy  from  the  Maya  dialects.  These  examples  therefore 
point  strongly  to  the  conclusion  that  the  resemblances  or  occasional  iden- 
tities between  Kiche  and  Aztec  myths  are  superficial  ones  only,  brought 
about  by  a  limited  but  long  continued   intercourse  between  the  two  ^ 

peoples,  and  that  the  main  and  fundamental  conceptions  of  Kiche 
mythology  do  not  point  to  any  Aztec  or  Toltec  source,  but  strongly  and 
decidedly  to  the  pure  Maya  myths  and  tongue. 

As  a  probable  Aztec  infiltration;  I  may  mention  the  mytb  of  the  terres- 
trial paradise  called  in  the  Popol  Vuh  Paxil.  This  word  has  given  trouble 
to  the  commentators,  and  no  satisfactory  sense  has  been  made  out  of  it 
viewed  as  a  Kiche  expression.     I  am  inclined  to  believe  it  a  reminiscence 
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of  the  Aztec  Tlaloc  and  his  hajppy  abode.  He  was  the  god  of  rain,*  "  dis- 
tributor of  the  waters"  (repartidor  de  las  aguas),  and  the  joyous  spot 
where  he  passed  his  time  was  called.  PaTiaa,  properly  Fahatlan,  from 
pahatl,  rose  water,  sweet  unguent,  or  other  such  substance  to  strengthen 
and  refresh  the  body.*  The  waters,  the  timely  rains,  refresh  and  rejuve- 
nate nature,  and  whence .  they  come,  their  source  and  home,  was  in  the 
imagination  of  the  Aztecs  preeminently  the  land  of  life,  joy  and  abun- 
dance, the  terrestrial  paradise. 

While  I  am  anxious  to  give  full  weight  to  these  affinities  between  the 
Maya-Kiche  and  the  Aztec  mythology,  I  must  formally  protest  against  the 
strained  efforts  at  identifying  the  divinities  and  myths  of  the  one  race  with 
that  of  the  other,  as  has  been  done  in  many  parts  by  Brasseur  and  in  an 
even  more  pronounced  manner  by  Mr.  H.  H.  Bancroft. f  I  wish  to  state 
clearly  my  adherence  to  the  opinion  that  the  theogonies  of  the  Maya  and 
Nahuatl  stocks  were  distinct  in  origin,  different  in  character,  and  only 
similar  by  reason  of  that  general  similarity  which  of  necessity  arose  from 
the  two  nations  being  subject  to  like  surroundings,  and  in  nearly  the  same 
stage  of  progress.  The  two  nations  had  for  generations  frequent  commer- 
cial intercourse ;  certain  features  of  the  religion  of  the  one  may  have  been 
borrowed  from  the  other,  as  were  certain  words  of  the  language  ;  but  to 
explain  the  attributes  of  a  Maya-Kiche  divinity  by  those  of  an  assumed 
Mexican  analogue  is  a  hazardous  and  uncritical  proceeding ;  and  to  take 
it  for  granted  that  historically  the  one  mythology  is  a  descendant  of  the 
other  is  a  gratuitous  assumption  wholly  without  support  by  the  facts  so 
far  as  we  know  them,  and  at  present  contrary  to  probability. 

It  will  be  noticed  in  some  of  the  above  names  how  prominent  the  per- 
ception of  color  shows  itself.  This  is  very  strongly  marked  in  these  dia- 
lects. There  is,  however,  no  evidence  that  they  distinguished  colors  to  a 
refined  extent.  On  the  contrary.  Goto  distinctly  confines  the  names  of 
colors  to  five  :  "Los  nombres  de  colores  no  tienen  mas  de  cinco"  (s.  v. 
Color), 

As  I  have  above  said,  travelers  maintain  that  the  natives  do  not  dis- 
tinguish green  from  blue ;  in  Kiche,  ro/x,  in  Maya  yaax,  stands  for  both 
these  shades.  The  names  of  these  five  main  colors  are  constantly  recur- 
in  g  as  signs  and  metaphors.     They  are  : 


Klche. 

CakchiqueU 

Maya. 

White, 

zak, 

zak. 

zac. 

Black, 

gek, 

g'ek. 

ek. 

Red, 

cak, 

cak. 

chac. 

Green, 

rax. 

rax, 

yaax. 

Vellow, 

gan. 

g'an. 

kan. 

*"E1  lugar  de  Tlaloc,  que  era  la  tlerra  de  P/iai^ad,  descanso  y  bien  aventu- 
ranza."  Joseph  Joaquin  Granados  y  Galvez,  Tardes  Americanos^  p.  87.  (Mexico, 
1778.)  This  author,  though  well  acquainted  with  Otomi,  was  not  proficient  in 
Aztec.  There  is  no  ph  nor/ sound  in  Aztec.  The  word  pahcUl  is  given  by  Molina 
with  the  significations  stated  in  the  text. 

^Native  Races  of  the  Pacific  States  ^  Vol.  ill,  chap.  xi. 
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The*  jHivorty  of  this  list  w»s  t'kiHl  out  by  iH^rUUn  teriuinttUons  which 
moiUfleit  the  force  of  tiie  root,  hs  in  MHy»  f^atHk^  which  indicHtiHl  tlwt  tlio 
tint  wtts  liirht  or  shadtnl  toward  white  (,Pio  Perez)  ;  and  so  Coto  gives  fbr 
the  blue  color  of  the  sky  rnjt  gt^rogoh  or  nw  hi»m9hi>h  (^s,  v.  As^l)>  and  ft>r 
brown  nix  ftuipiimoh^  etc.  Hence  I  Judgt«  that  the  deticiency  of  the  color 
senst*  above  refemnl  to  was  ap)>axvnt  ratlier  tban  real. 

The  I\>pol  Vuh  informs  us  that  there  is  a  s^xH  where  fi>ur  roads  meet, 
eiach  of  a  diflerent  color»  the  one  nnl.  the  second  black,  the  third  w*hite, 
and  the  last  yellow  or  gxt'cn  (.pp.  8^.  14^).  This  is  a  reminiscence  of  tb« 
use  of  the  colors  as  symlxtls  of  the  canlinal  }Hnnts  of  the  horixon.  The 
same  four  colors  wen\  act\>ri1ing  to  Landa,  useil  by  U\e  Ma^^as  on  Uieir 
**  Katun  whiH»l»'*  by  which  they  counteil  their  calendar,  and  each  wna 
sacred  to  one  of  the  tbur  dominical  letters  of  their  calendar. 

The  custom  of  ideuti tying  a  color  with  one  of  the  cardinal  points  w«s 
common  in  Yucatan  and  Mexi(x>,  as  well  as  elsewhere  in  the  New  aad 
Old  World.  It  has  lH»en  studunl  in  both  by  M.  de  ChAn»nct»y,  who  lH*lieve«a 
that  in  Mexico  and  Central  America  the  original  systems  were  as  fi.>llows  :^ 

Q uateruary  8.v stem.  i^  u t nary  System. 

East,  Yellow,  South,  Blue, 

>'orth,  Black.  K<*st^  Htnl. 

West,  White,  North,  Yellow, 

Sk>uth,  Reil.  West,  White, 

Center.  Black. 

This  8yuilH>lism  in  the  form  of  its  existence  in  Guatemala  has  not  yet 
lH»en  made  out.  I  observe  that  in  Cakchiquel  the  term  for  nnl,  c«»A',  al$o 
meant  North  (f4iA*  iV»  north  wind.  Coto.  s.  v.  -4yfv).  - 

The  wortl  r%u.  grt*en  or  blue,  as  I  have  alH)ve  mentiomHl,  was  ustnl  als^o  I 

in  the  sense  of  strong,  violent,  grt^at-,  magnitiivnt.  It,  In  fi^ct,  almost  U^t 
its  meaning  as  ct>nnoting  a*  ^^rticular  hue,  and  was  applieil,  for  iustanct\ 
to  any  prt»cious  stone  of  no  matter  what  ci>lor.  Thus,  s«iys  Cott\  '*4  tinlas 
las  pitHlras  de  estima  y  n»lucientes  llama  el  indio  ntxttt^m^  de  qualquior 

**ci>lor  que  scan;  piedra  de  anillo,  rtij^iifOA  n*  ra^h  #i<ir  <i,  que  cs  ol 

"anillo.** 

Both  grt»en  and  yellow  were  esteemed  fttrtunate^  colors  by  the  Cakchi- 
quels,  the  former  as  that  of  the  flourishing  plant,  the  latter  as  that  of  the 
riiH^  and  gr^lden  ears  of  maixe.  Hence,  siu  s  Coti\  they  wert*  alsi>  ustnl  to 
mean  pn>siH»rily  :  ''i^ara  signitlcar  pn>s|HTidud  usjvn  deste  nombrt*  ^^tiwi, 
•*y  r«i.nf?  que  es  venle  ;  v.  g.  i;«»A  i;«imi»/,  ri»asfi\  r«  fhtthim  /Wn».**    The  • 

gtnl  Kami,  is  still  honortnl  by  the  Kiches,  as  the  pn^tector  of  the  hajrvesit4. 

Nevertheless,  yellow  was  the  tH>lor  used  in  mourning,  and  the  In^reaved 
one  painteii  himself  with  a  yellow  eanh,  as  we  learn  tVinu  Ximeneji : 
**K1  luto  que  ust\lmn  era  untarse  de  tierra  amarilla,  daadonde  tome  el 

*  /V«  CX^Hiturs  cr^nsUUi^tJt  i>immf  Sjfniti'^trs  tits  iVn^Htat  dt  r//oi'iaoN  chtt  l««  lVmi|«« 
ctN  yom>rtiH  Momit.   Actes  ilo  la  Soclt^to  Phtlologlques,  Tt^n.  vl. 
tSi'hemor,  m6i  »m|>ixi,  |\  12. 
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"nombre  inal-cam  ol  viudo,  quo  qiiiero  declr  el  iintailo  do  amftrlllo** 
(Escolwi,  p.  914). 

The  color  white,  tak^  had,  however,  by  far  the  widest  metaphorical 
uses.  As  the  hue  of  light,  it  was  associated,  with  day,  dawn,  brightness, 
etc.;  to  dawn,  ti  uaktr;  the  daybreak,  maha  H  Maker;  a  clear  sky,  ram 
eah;  light,  mk;  clearness,  transluoency,  mk  H.  As  applied  to  abstract 
ideas  its  employment  was  very  frequent  as  **  clearly,  manifestly,  **  cM  MO-kU, 
In  the  Popol  ViUi  are  such  expressions  as  u(Ml  qokm^  §akil  toi*A,  literally 
**the  whiteness  life,  the  whiteness  words,**  which  mean  "the  glory  of 
life,  the  glory  of  speech.**  The  mythical  mother  and  fiuher  of  tlie  race 
are  called  takU  al,  mkil  qalMl,  she  who  gives  birth  to  whiteness,  ho  who  be- 
gets whiteness,  where  the  whiteness  is  to  be  understood  as  mental  clear- 
ness, knowledge,  enlightenment.  Varea  gives  tak  trkviA,  to  make  clear, 
to  explain,  frtA;,  a  clearing  in  the  woods,  and  other  derivatives. 

In  closing  this  exegetlcal  study,  I  would  point  out  one  fact  developed  by 
it.  to  which  I  attach  considerable  weight,  and  that  is  that  the  names 
analyzed  indicate  unmistakably  a  source  Immeasurably  remote  fVom 
Christian  thought,  and  thus  prove  the  aboriginal  origin  of  this  important 
myth.  Can  any  one  malntiiin  that  It  was  an  echo  of  missionary  teaching, 
when  the  jiames  it  applies  to  the  highest  god  are  such  as  "the  Groat 
Hog,**  "the  Fox,  mighty  in  Magic,**  "the  Syphilitic  One,**  and  the  like? 
Such  appellations,  at  first  sight  so  degrading  to  the  notion  of  God,  can 
only  be  understood  by  taking  Into  account  modes  of  thought,  and  associa- 
tions of  ideas  wholly  divergent  fVom  those  to  which  these  tribes  were  in- 
troduced by  the  ministers  of  the  Christian  religion. 


Stated  Meeting^  December  Sdy  18S1. 

Present,  6  lucmbci^s. 
President,  Mr,  Fralky,  in  tho  Chair. 

Letters  aeoeptinp;  membership  wcro  received  from  John  Evans, 
dated  Nov.  5,  1881,  Nash  Mills,  IlamoMIcmpstead ;  Henry 
II.  Gorringe,  Nov.  80,  Portland,  Oregon ;  William  Gladstone, 
Prime  Mitiister  of  England,  Nt)v.  15,  10  Downing  St.,  White- 
hall (through  G.  L.  Gower) ;  and  B.  Stallo,  Nov,  18,  Cincinnati. 

A  letter  of  acknowledgment  was  received  from  tho  lioyal 
Institntion,  London.     (Proc.  107,  108  ;  Trans.  XV,  8.) 

A  letter  of  cnvov   was  received  from  tho  North  China 
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Branch  of  the  Eoyal  Asiatic  Society,  dated  Shanghai,  Oct. 
25,  1881. 

A  letter  requesting  the  completion  of  sets  of  Proceedings 
and  Transactions  of  this  Society,  was  received  from  Cornell 
University,  Ithaca,  N.  Y.,  dated  Nov.  22,  1881.  The  matter 
was  referred  to  the  Secretaries,  with  power  to  act. 

A  circular  letter  was  received  from  the  Secretary  of  the 
Prince  Edward  Island  Historical  Society,  dated  Nov.  17,  1881, 
Charlottetown. 

Donations  for  the  Library  were  received  from  the  Mining 
Bureau,  Melbourne;    Eoyal  Academy,  Berlin;    Zoologischer  i 

Anzeiger,  Leipzig ;  Society  of  Northern  Antiquaries,  Copen- 
hagen ;  Oesterreichischer  Ingenieur-  und  Architekten  Yerein, 
Wien  ;  Annales  des  Mines,  and  Eevue  Politique,  Paris ;  Bor- 
deaux Society  of  Commercial  Geography ;  Eoyal  Astronom- 
ical Society,  and  Nature,  London ;  Mr.  Eobert  C.  Winthrop, 
Boston;  Essex  Institute,  Salem ;  American  Journal  oi  Sciences, 
New  Haven;  New  York  Historical  Society ;  American  Chemi- 
cal Society,  N.  Y. ;  Academy  of  Natural  Sciences,  The 
American,  and  Mr.  Henry  Phillips,  Jr.,  Philadelphia ;  U.  S. 
National  Museum,  and  the  Bureau  of  Education,  Washington ; 
The  Virginias,  Staunton,  Va,;  and  State  Historical  Society  of 
Wisconsin.  * 

A  photograph  and  a  phototype  of  the  late  member  Wm. 
Eawle,  Esq.,  were  presented  to  the  Society  by  Mr.  Brooke 
Eawle. 

A  paper  by  Prof.  J.  J.  Stevenson,  entitled  "  Notes  on  the 
Laramie  Group  in  the  vicinity  of  Eaton,  New  Mexico,"  was 
read  by  title."^ 

Mr.  Lewis  read  a  paper  upon  a  new  substance  resembling 
Dopplerite  found  in  a  peat  bog  near  Scranton."^ 

A  communication  was  read  from  Mr.  Lesley  stating  that  he 
had  gone  away  for  two  or  three  months,  and  enclosing  a  report 
upon  the  manner  in  which  he  intended  to,  and  had  already 
examined  and  partly  copied  the  old  minutes  of  the  Society. 
Postponed  to  Dec.  16th. 

♦  These  papers  will  be  printed  in  Vol.  xx,  No.  HI. 


\ 
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Tho  Treasurer's  report  was  read  and  referred  to  the  Finaneo 
Committee. 

Pending  nominations  Nos,  985  and  946  to  950  inclusive  were 
read. 

Proceedings  of  the  Officers  and  Council  submitted  at  the 
last  meeting,  were  made  sj^ecial  order  for  next  meeting ;  and 
to  be  placed  on  the  notice  cards. 

On  motion  of  Mr.  Price,  it  was  moved  that  $20,000  addi- 
tional insurance  be  placed  on  the  Library.     Carried. 

And  the  meeting  was  adjourned. 


Stated  Meeting^  December  16^  18S1, 

Present,  16  members. 
President,  Mr.  Fraley,  in  the  chair. 

A  letter  accepting  membership  was  received  from  Mr.  A. 
Renard,  Conservateur  du  Mus6o  Royal  d'lliwstoire  Naturelle  de 
Belgique,  Bruxelle,  dated  Vienna,  Nov.  19,  1881. 

Letters  of  acknowledgment  were  reooived  from  the  Royal 
Society  of  Edinburgh,  Nov.  15,  1881  (Proc.  107,  108;  Trans. 
XV,  3) ;  and  th(5  Society  of  Antiquaries,  London,  Dec.  1,  1881 
(107,  108 ;  XV,  3). 

Letters  of  envoy  were  received  from  the  Physical  Central 
Observatory,  St.  Petersburg,  Oct.,  1881 ;  Mus6o  Ouimot,  Lyon, 
Nov,  17,  1881;  Dr.  G.  M.  Gibson,  1  Randolph  Cliff,  Edin- 
burgh,  Nov.,  1881;  Mr.  Kdwani  Coles,  205  S.  6th  Street, 
Philadel[)hia,  Nov.  28,  1881,  and  the  Department  of  the  In- 
terior, Washington,  Dec.  12,  1881. 

A  postal  card  requesting  volumes  of  Transactions  published 
since  Volume  XII,  was  received  from  the  Univemty  of  To- 
ronto, dated  Dec.  8,  1881.     Referrod  to  the  Secretaries. 

A  letter  from  Mr.  B.  V.  Marsh  was  read,  dated  Dec.  9,  1881, 
londering  his  resignation  as  Trustee  of  the  Building  Fund.    Tho 
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resignation  was  accepted,  and  on  motion  the  thanks  of  the 
Society  were  tendered  to  Mr.  Marsh  for  his  faithful  services. 

Donations  for  the  Library  were  received  from  the  Eoyal 
Society  of  Victoria,  Melbourne;  the  Eoyal  Prussian  Acad- 
emy, Berlin;  Zoologischer  Anzeiger,  ieipsig;  Sencken- 
berg  Natural  Science  Society,  Frankfurt  a-M.;  E.  Accad- 
emia  dei  Lincei,  Eome;  Geographical  Society,  Eevue  Politique 
and  M.  L.  Grruner,  Paris ;  Society  of  Commercial  Geography, 
Bordeaux;  Journal  of  Forestry,  Nature,  Nautical  Almanac 
Office,  and  Mr.  C.  Wm.  Siemens,  London;  Geo.  A.  Gibson, 
M.D.,  Edinburgh ;  Nova  Scotia  Institute  of  Natural  Science,  A 

Halifax ;  Museum  of  Comparative  Zoology,  Cambridge ;  Yale 
College,  New  Haven ;  New  York  Academy  of  Science,  and  the 
editors  of  "Science,"  "Health  and  Food,"  and  The  Chemists' 
and  Druggists'  Bulletin,  New  York;  American  Journal  of 
Pharmacy,  Medical  News,  The  American,  Mr.  Dalton  Dorr, 
Mr.  Henry  Phillips,  Jr.,  and  Mr.  Edward  Coles,  Philadelphia ; 
American  Journal  of  Mathematics,  Baltimore ;  U.  S.  National 
Museum,  Light  House  Board  and  Department  of  the  Interior, 
Washington,  and  the  Virginias,  Staunton,  Va. 

The  death  of  Mr.  "W.  Milnor  Eoberts  was  announced  by  the 
President. 

On  motion  of  Mr.  Henry  Phillips,  Jr.,  the  President  was  re- 
quested to  appoint  a  proper  person  to  prepare  an  obituary 
notice  of  Mr.  Eoberts.  * 

Mr.  Eli  K.  Price  read  a  description  of  the  Eockery  on  the 
grounds  of  the  University  at  West  Philadelphia. 

Prof.  Cope  presented  two  papers  on  the  geological  explora- 
tion of  the  Big  Horn  Begion,  with  especial  reference  to  the 
Eocene  period. 

Eev.  Dr.  Boardman  announced  that  he  would  read  a  com- 
munication on  the  history  of  alphabets.  n^ 

The  report  of  the  Committee  of  Finance  was  postponed  to 
the  next  meeting. 

Under  deferred  business  the  Society  proceeded  to  the  consid- 
eration of  the  resolution  of  the  Officers  and  Council  to  cele- 
brate the  birthday  of  Franklin. 

Mr.  Phillips  spoke  in  favor  of  the  resolution. 
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Tho  rosolutiou  was  agreed  to,  aiul  a  CDmniittoo  coiiivisting  of 
Mr.  Honry  Phillips,  Jr.,  Mr,  J.  S.  Price,  and  Mr.  Win,  A.  Ing- 
ham was  appointed  to  attend  to  the  matter, 

A  communication  from  tho  Librarian  in  reference  to  print- 
ing the  earlj''  minntes  of  tho  Society  was  laid  before  tho  So- 
oiotv  bv  the  President. 

Mr.  Price  moved  to  postpone  consideration  of  tho  matter  for 
tho  present. 

Mr.  Phillips  moved  that  tho  suggestion  in  the  Librarian's 
report  in  regard  to  the  MSS.  bo  referred  to  a  committee  of  fivo 
to  report  to  the  Society. 

Mr,  Henry  Phillips,  Jr.,  Dr.  Horn,  Mr.  II.  C,  liOwis,  Dr. 
Brinton,  and  Mr.  Philip  Law  were  appointed  as  Committee. 

The  President  announced  vacancies  in  tho  Trusteeship  of 
the  Building  fund. 

It  was  moved  by  Mr.  Price  that  the  Society  proceed  to  fill 
the  vacancy  in  the  Trustees  of  the  Building  Fund. 

On  motion,  Mr.  llichard  "Wood,  Mr,  J.  Sergeant  Price  and 
Mr.  "Wm.  V.  McKean  were  elected. 

And  the  meeting  was  adjourned.  * 
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< 

ClIAPTKU   XII. 

,0F  THE  MAGELLANIC  FrND. 

Section  1.  John  Hyacinth  de  MngoUan,  in  London,  having  in  tlie  year 
1780  o(fert»d  to  the  Society,  as  a  donation,  the  sum  of  two  hundred  guineas, 
to  bo  by  them  Invested  In  a  secure  and  permanent  f\nid,  to  the  end  that  tlin 
intei*est  arising  therefVom  should  be  annually  disposed  of  in  premiums,  to 
be  adjudged  by  them,  to  the  author  of  the  best  discovery,  or  most  usefiil  in- 
vention, relating  to  Navigation,  Asti*onomy,  or  Natural  Philosopliy  (mere 
natun\l  history  only  excepted)  ;  and  the  Society  having  accepted  of  i\u\ 
above  donation,  they  hereby  publish  the  condUions,  prt\scrlbed  by  the 
donor  and  agi'ced  to  by  the  Society,  upon  which  the  said  annual  premiums 
will  be  awarded. 

CONDITIONS  OF   THE   MAOELLANIC  PllEMIUM, 

1.  The  candidate  shall  send  his  dlcovery.  Invention  or  improvement, 
addressed  to  the  President  or  one  of  the  Vice-Presidents  of  the  Society, 
free  of  postage  or  otlier  charges  :  and  shall  distinguish  his  performance  by 
some  motto,  device,  or  other  signature,  at  his  pleasure.  Together  with 
his  discovery,  invention,  or  improvement,  ho  shall  also  send  a  sealed  letter 
containing  tlio  same  motto,  device,  or  signature,  and  subscribed  with  the 
real  name  and  place  of  i*esldence  of  the  author. 

3.  Pcwons  of  any  nation,  sect  or  denomination  whatever  shall  be  ad- 
mitted as  candidates  for  this  premium. 

8.  No  discovery.  Invention  or  improvement  shall  be  entitled  to  this 
premium  which  hath  been  already  published,  or  for  which  the  author 
hath  been  publicly  rewarded  el.sewhere. 

4.  Tho  candidate  shall  communicate  his  discovery.  Invention  or  Improve- 
ment, either  In  tho  English,  French,  German,  or  Latin  language. 

5.  All  such  communications  shall  be  publicly  read  or  exhibited  to  the 
Society  at  some  stated  meeting,  not  less  than  one  month  previous  to  the 
day  of  adjudication,  and  shall  at  all  times  be  open  to  the  Inspection  of 
such  members  as  shall  desire  It.  But  no  member  shall  carry  home  with 
him  the  communication,  description,  or  model,  except  the  otllcer  to  whom 
It  shall  be  entrusted  ;  nor  shall  such  officer  part  with  the  same  out  of  his 
custody,  without  a  special  order  of  the  Society  for  that  purpose. 

6.  The  Society,  having  previously  referred  the  several  communications 
from  candidates  for  the  premium,  then  depending,  to  the  consideration  of 
tho  twelve  counsellors  and  other  oftlcei's  of  the  Society,  and  having  received 
thoir  report  thoix^on,  shall,  at  one  of  their  stated  meetings  in  tho  month  of 
December,  annually,  after  the  expiration  of  this  current  year  (of  the  time 
and  place,  together  with  the  particular  occasion  of  which  meeting  due  no- 
tice shall  be  previously  given,  by  public  advertisement)  proceed  to  final 
adjudication  of  the  said  premium  ;  and,  after  due  consideration  had,  a  vote 
shall  first  be  taken  on  this  question,  viz. :  Whether  any  of  the  communica- 
tions then  under  Inspection  be  worthy  of  the  proposed  premium?  If  this 
question  bo  determined  In  the  negative,  the  whole  business  shall  be  de- 
ferred till  another  year  ;  but  if  In  the  altirnuitive,  the  Society  shall  proceed 


to  tletenninc  by  ballot,  given  by  the  members  a^  large,  the  discovery,  in- 
vention or  improvement  most  useful  and  worthy  ;  and  that  discovery,  in- 
vention, or  improvement  which  shall  be  found  to  have  a  majority  of 
concurring  votes  in  its  favor  shall  be  successful  ;  and  then,  and  not  till 
then,  the  sealed  letter  accompanying  the  crowned,  performance  shall  be 
opened,  and  the  name  of  the  author  announced  as  the  person  entitled  to 
the  said  premium. 

7.  No  member  of  the  Society  who  is  a  candidate  for  the  premium  then 
depending,  or  who  hath  not  previously  declared  to  the  Society,  that  he  has 
i'onsidered  and  weighed,  acconling  to  the  best  of  his  judgment,  the  com- 
jmrative  merits  of  the  several  claims  then  under  consideration,  shall  sit  in 
judgment,  or  give  his  vote  in  awarding  the  said  premium. 

8.  A  full  account  of  the  crowned  subject  shall  be  published  by  the  So- 
ciety, as  soon  as  may  be  after  the  adjudication,  either  in  a  separate  publi- 
cation, or  in  the  next  succeeding  volume  of  their  Transactions,  or  in  both, 

9.  The  unsuccessful  performances  shall  remain  under  consideration,  and 
their  authors  be  considered  as  candidates  for  the  premium  for  fi^e  years 
next  succeeding  the  time  of  their  presentment ;  except  such  performances 
as  their  authors  may,  in  the  meantime,  think  fit  to  withdraw.  And  the 
Society  shall  annually  publish  an  abstract  of  the  titles,  object,  or  subject 
matter  of  the  communications,  so  under  consideration  ;  such  only  excepted 
as  the  Society  shall  think  not  worthy  of  public  notice. 

10.  The  letters  containing  the  names  of  authors  whose  performances 
shall  be  rejected,  or  whitrh  shaUbe  found  unsuccessful  after  a  trial  of  five 
years,  shall  be  burnt  before  the  Society,  without  breaking  the  seals. 

11.  In  case  there  should  be  a  failure,  in  any  year,  of  any  communication 
worthy  of  the  proposed  premium,  there  will  then  be  two  premiums  to  be 
awarded  the  next  3'^ear.  But  no  accumulation  of  premiums  shall  entitle 
the  author  to  more  than  one  premium  for  any  one  discovery,  invention  or 
improvement. 

12.  The  premium  shall  consist  of  an  oval  plate  of  solid  standard  gold  of 

the  value  often  guineas.     On  one  sicJe  thereof  shall  be  neatly  engraved  a 

short  Latin  motto  suited  to  the  occasion,  together  with  the  words  :  "The 
Premium  of  John  Hyacinth  de  Magellan,  of  London,  established  in  the 
year  ITSO  ;"  and  on  the  other  side  of  the  plate  sliall  be  engraved  these 

words  :  "Awarded  by  the  A.  P.  S.  for  the  discovery  of A.  D ." 

And  the  seal  of  the  Society  shall  be  annexed  to  the  medal  by  a  ribbon  pass- 
ing through  a  small  hole  at  the  lower  edge  thereof. 

SECTION  2.  The  Magellanic  fund  of  two  hundred  guineas  shall  be  con- 
sidered as  ten  hundred  and  lifty  dollars,  and  shall  be  invested  separately 
from  other  funds  belonging  to  or  under  the  care  of  the  Society,  and  a  sepa- 
rate and  distinct  account  of  it  shall  be  kept  by  the  treasurer. 

The  said  fund  sliall  be  credited  with  the  sum  of  one  hundred  dollars,  to 
represent  the  two  premiums  for  which  the  Society  is  now  liable. 

The  treasurer  shall  credit  the  said  fund  with  the  interest  received  on  the 
investment  thereof,  and,  if  any  surplus  of  said  interest  shall  remain  after 
providing  for  the  premiums  which  may  then  be  demandable,  said  surplus 
sliall  be  used  by  the  Society  for  making  publication  of  the  terms  of  the 
said  premium,  and  for  the  addition,  to  the  said  premium,  Of  such  amount 
as  the  Society  may  from  time  to  time  think  suitable,  or  for  the  institution 
of  other  premiums. 

The  treasurer  shall,  at  the  first  stated  meeting  of  the  Society  in  the 
month  of  December  annually,  make  a  report  of  the  state  of  said  fund  and 
of  the  investment  thereof. 
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